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USE IN LIFE SUPPORT MUST BE EXPRESSLY AUTHORIZED 


SGS-THOMSON’ PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT 
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF SGS-THOMSON 
Microelectronics. As used herein: 


1. Life support devices to systems are devices or systems 2. A critical component is any component of a life sup- 


which, are intended for surgical implant into the body port device or system whose failure to perform can be 
to support or sustain life, and whose failure to perform, reasonably expected to cause the failure of the life sup- 
when properly used in accordance with instructions for port device or system, or to affect its safety or effecti- 
use provided in the labeling, can be reasonably expec- veness. 


ted to result in a significant injury to the user. 
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INTRODUCTION 


SGS-THOMSON TELEPHONE SET: THE BROADEST PRODUCT RANGE 


SGS-THOMSON has been designing and producing dedicated telephone set pro- 
ducts since the first voice circuits were introduced in the 1970s. Today, at the be- 
ginning of the nineties, the company offers the widest telephone product range in 
the world and ships more than 50 million dedicated ICs per year, plus some ten mil- 
lion protection devices. 


This comprehensive product family covers not just all the telephone functions, but 
the various national standards, too. A complete kit solution for a basic telephone 
- speech circuit, dialer and ringer - is available for each country. Moreover, thanks 
to families of pin-compatible devices it is easy to adapt a design to different standards. 


In addition to the basic telephone kits SGS-THOMSON provides circuits designed 
to allow modular expansion, adding features such as loudspeaking or handsfree ca- 
pability. 

For the early nineties SGS-THOMSON is readying advanced telephone components 
using advanced mixed technologies. By the time you read this note samples may be 
available. Stay in touch with SGS mn Ons to keep up to date with the state of the art. 
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| BASIC TELEPHONE | TELEPHONE LOUDSPEAKING 
AMPLIFIER 


HANDS-FREE TELEPHONE 


| LOUDSPEAKING TELEPHONE | TELEPHONE HANDSFREE 
CIRCUIT 


' MODULAR APPROACH. The SGS-THOMSON telephone product range includes a basic, telephone kit 
for each national standard plus add-on function ICs that turn a basic phone into a feature phone. 
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ADVANCED TECHNOLOGY. Using an advanced mixed technology SGS-THOMSON has already pro- 
duced a custom single-chip telephone for a major telecom manufacturer. 
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Type 
Number 


1.5KE Series 
BZW04 Series 
BZW50 Series 
EFG7189 
EFG71891 
L3100B/B1 
L3240 

L3280 

L3845 
LB1006 
LH1028 
LH1056 
LH1061 
LS156 


LS188 
LS204 
LS256 


LS285 
LS356 


LS404 
LS588 
LS656 


LS1240/A 
LS1241 
LS5018B 
LS5060B 
LS5120B/B1 
M761E 
M764A 
M3540 


M3541 
M3561 
MK5370 
MK5371 
MKS375 
MK5376 
MK53721 
MK53731 
MK53760 
MK53761 


; Page 
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1500 W/1ms expo - Uni and Bidirectional Devices......... 
400 W/1ms expo - Uni and Bidirectional Devices....:..... 
5000 W/1ms expo - Uni and Bidirectional Devices......... 
DTMF Generator for Binary Coded Hexadec. Data........ 
DTMF Generator for Binary Coded Hexadec. Data........ 
Unidirectional Programmable Voltage and Current Suppressor 
Electronic Two-Tone Ringer 
Low Voltage Telephone Speech Circuit.......: irk Oeas ge al 
Trunk Interface 
Telephone Ringing Detector............. a ee ee 
Telephone Interface Circuit... 2. ce... ieee 
Single Pole High-Voltage Solid-State Relay 
Double Pole High-Voltage Solid-State Relay .............. 
Telephone Speech Circuit with Multifrequency Tone 
Generator Interface 
Microphone Amplifier 
High Performance Dual Operational Amplifiers............ 
Telephone Speech Circuit with Multifrequency Tone 
Generator Interface 
Telephone Speech Circuit........... 2... eee eee eee 
Telephone Speech Circuit with Multifrequency Tone. 
Generator Interface 
High Performance Quad Operational Amplifiers 
Programmable Telephone Speech Circuit................ 
Telephone Speech Circuit with Multifrequency Tone 
Generator Interface 
Electronic Two-Tone Ringer 
Electronic Two-Tone Ringer 
Bidirectional Trisil 
Bidirectional Trisil 
Bidirectional Trisil 
Dual Tone Multifrequency Generator............... ree 
TONG RINGS 22 007s Sates cece eke beeen Peek AG. ee aes 
Single Number Pulse Tone Switchable Dialer with Save 
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Single Number Pulse Tone Switchable Dialer............. 
Pulse Dialer 
Single Number Pulse Tone Switchable Dialer............. 
Single Number Pulse Tone Switchable Dialer............. 
Ten-Number Repertory Tone/Pulse Dialer................ 
Ten-Number Repertory Tone/Pulse Dialer................ 
Tone/Pulse World Dialer with LNR.................0 00 e 
Single Number Pulse Tone Switchable Dialer............. 
Dialer with 4 Emergency Numbers...................... 
Repertory Dialers jo )iccswa tae bah MeV eede seen taae es 
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Type Page 
Number Number 


MK53762 Repertory Dialer 

MK53763 Repertory Dialer 

ML8204/5 Tone Ringer 

P6KE Series 600 W/ims expo - Uni and Bidirectional Devices 
P7T Series 700 W/ims expo - Uni and Bidirectional Devices 
PBL3726 Series | Mask-Programmable Speech Circuits 

SAA1094 Three-Tone Ringer 
SME6T Series 600 W/1ms expo - Uni and Bidirectional Surface Mount Devices 
SM15T Series 1500 W/1ms expo - Uni and Bidirectional Surface mount Devices 
TEA7031 Monitor Amplifier and Ringer 

TEA7037 Speech Tone 

TEA7050 Speech for High Range Telephone Set 
TEA7052 Speech Circuit with Power Management 
TEA7053 , Speech Circuit 

TEA7062 Speech Circuit with Power Management 
TEA7531 Monitor Amplifier 

TEA7532 Monitor Amplifier 

TEA7540 Handsfree 

TEA7868 

TEB1033 Bipolar Dual Operational Amplifier 

TEB4033 Bipolar Quad Operational Amplifier 

TEC1033 Bipolar Dual Operational Amplifier 

TEC4033 Bipolar Quad Operational Amplifier 

TEF1033 Bipolar Dual Operational Amplifier 

TEF4033 Bipolar Quad Operational Amplifier 

TPA Series 

TPB Series 

TS271 CMOS Single Operational Amplifier 

TS272 CMOS Dual Operational Amplifier 

TS274 CMOS Quad Operational Amplifier 

TS27L2 CMOS Dual Operational Amplifier 

TS27L4 CMOS Quad Operational Amplifier 

TS27M2 CMOS Dual Operational Amplifier 

TS27M4 - | CMOS Quad Operational Amplifier 

TS372 CMOS Dual Comparator 

TS374 CMOS Dual Comparator 
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‘SELECTION GUIDE 


DIALER CIRCUITS 


Type: ot 


EFG7189 


EFG71891 


M761E 
M3561 
M3540 
M3541 
MK5370 
MK5371 
MK5375 
MK5376 
MK53721 


MK53731 | 


MK53760 
MK53761 
MK53762 
MK53763 


DTMF generator for binary codec hexadecimal data 
DTMF generator for binary codec hexadecimal data 
DTMF generator 

Pulse dialer 

Single number tone/pulse dialer with save 

Single number tone/pulse dialer 

Single number tone/pulse dialer 

Single number tone/pulse dialer 

Ten-numbers repertory tone/pulse dialer 
Ten-numbers repertory tone/pulse dialer 

Single number tone/pulse ‘‘WORLD DIALER’”’ 
Single number tone/pulse dialer 

Five-numbers repertory tone/pulse dialer 
Ten-numbers repertory tone/pulse dialer 
Ten-numbers repertory tone/pulse dialer 
Thirteen-numbers repertory tone/pulse dialer 


SPEECH CIRCUITS 


L3280 
LS156 
LS256 
LS285 
LS356 
LS588 
LS656 


TEA7037 
TEA7050 
TEA7052 
TEA7053 
TEA7062 
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Type wae 


PBL3726 series 


Very low voltage telephone speech circuit....................... 
Telephone speech circuit with multifrequency interface 
Telephone speech circuit with multifrequency interface 
Telephone speech Circuit....... 0.0.0... cue eee cee cece eee ees 
Telephone speech circuit with multifrequency interface 
Programmable telephone speech circuit.................. 00.000. 
Telephone speech circuit with multifrequency interface 
Mask-programmable speech circuits............. 0.0.00. ce eee eee 
Speech + tone generator circuit............ 0.0.0... cc cc eee ee eee 
Speech circuit for France high-range ............. 0c. cece eee eee 
Speech circuit for France with power management................ 
Speech circuit for France................. ian att. Shia sen dees dee! atanetaneed 
Programmable speech circuit with power management 
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Electronic two-tones ringer. .... 2.2... eee eee ee ee ees 
Electronic two-tones ringer with complementary outputs 
Electronic tWo-tGnes TINGE! 42604460 40deidan ceeud SEEN SS wena te. 
Electronic two-tones ringer... 0.0... 0... cece ee eee eee 
Electronic two-tones ringer... ...... 0. ccc eee eee eens 
Electronic three-tones ringer .......... 0... eee eee eee eee 
Electronic three-tones ringer .................000 eee Papitedsaanatie E 
Telephone ringing detector ........... cc eee ee eee eases 


TONE RINGERS 


Type 
Number 


ML8204/5 
L3240 
LS1240 
LS1240A 
LS1241 
M764A 
SAA1094 
LB1006 


SPEAKERPHONE CIRCUITS 


Type 


TEA7031 Monitor amplifier and ringer 


TEA7531 Monitor amplifier 
TEA7532 Monitor amplifier 
TEA7540 Hands-free circuit 


SPECIAL FUNCTIONS 


2 


LS188 Microphone amplifier 
L3845 Trunk interface 


TEA7868 Line interface 

LH1028 Telephone interface circuit 

LH1056 Single-pole high-voltage solid-state relay 
LH1061 Double-pole high-voltage solid-state relay 
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CMOS COMPARATORS 


Characteristics specified at Voc = +10V 


BIPOLAR OP-AMPs 


Configuration 


TEB1033 High Stability 


LS204 


Characteristics specified at Veg= +15V 


High Stability 
High Stability 


TEB4033 | Quad | High Stability 


Operating 
Voltage Range 
(V 


Supply Current 
(Max per Amplifier) 
(mA) 


Input Offset 
Voltage (Max) 


Responde Time (Typ) 
(with overdue= 5mV) 


Noise Voltage 


(nV/VHz) 
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CMOS OP-AMPS 


Operating ce Ne Input Offset | Gain-Bandwidth Slew Rate 
Type Configuration Main Feature Single Supply | Voltage Range Amplifier) Voltage (Max) Product (Typ) (Typ) Page 
, (V) (mA) (mV) (MHz) (ns) 


T8271 Programmable 0.015 to 1.5 0.1 to 2.5 0.011045 | 555 
Ts271A | —_Single.-—_|_ Programmable 3 to 16 0.015 to 1.5 a aE 0.1 to 2.5 0.01 to 45 
782718 Programmable 3 to 16 ooistois | 2 | 011025 0.041045 | 585 | 
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TS274A High Speed 
TS274B High Speed 


Characteristics specified at Voc = +10V 
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TRANSIL PROTECTIONS 


Types 


Vv 
nM (V) Unidirectional Bidirectional 


400/1 ms 5.8 to 376 BZW04../BZWO4P.. — 


600/1 ms 5.8 to 376 P6KE..CP, CA 

700/1 ms 10 to 110 at P7T...B 
1500/1 ms 5.8 to 376 -OKE...P,A . 1.5KE...CP,CA 
5000/1 ms 10 to 180 - BZW50...B 


TRISIL PROTECTIONS 


ven [es SSSC*dSC 
MONO FUNCTION ; 


100/8-20 us 58 to 270 TPA series 
150/8-20 us 58 to 270 TPB series 
500/8-20 us 17 to 120 LS5018B/LS5060B/LS5120B,B1 


TRIGGERED FUNCTION 


o50/8-20us | 255 | L8100B1 


SURFACE MOUNT TRANSIL PROTECTIONS 


Types 
Pp (W) Van (V) 


600/1 ms 5.5 to 188 SM6T...,A 
5.5 to 171 


— SM6T...C,A 
1500/1 ms 5.5 to 188 SM15T..., A — 
5.5 to 171 ; —_ SM15T...C,A 
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DTMF GENERATOR FOR BINARY 
CODED HEXADECIMAL DATA 


2 GENERATES 16 STANDARD DTMF TONE 
PAIRS MINIDIP 

2 USES LOW COST 3.579 MHz CRYSTAL 

» DIRECT MICROPROCESSOR INTERFACE 

» ACCEPTS 4 BIT DATA IN SERIAL OR PARAL- 
LEL FORMAT | 

» DATA IS STORED DURING TRANSMISSION 
PERIOD 

2 LOW HARMONIC DISTORTION 

s HIGH GROUP PRE EMPHASIS 

» LOW POWER CONSUMPTION IN STANDBY 
MODE 

» PULL-UP TO V* ON ALLLOGIC INPUTS 


ORDER CODES : EFG71891PD (Minidip) 


EFG7189PD (DIP14) 


DESCRIPTION 


This CMOS circuit is designed specifically to pro- 
vide, with a minimum number of external compo- 
nents, a low cost DTMF dialer for microprocessor EFG7189 
controlled telephone sets operating in accordance 
with existing standards. The 4 bits identifying the fre- 
quency pair to be generated may be supplied via ei- 
ther 5 connections between the EFG7189 and the 
microprocessor in parallel format or in serial format 
through 3 connections linking the EFG71891 to the 
microprocessor. This feature eliminates the neces- 
sity to simulate keyboard type inputs normally requi- 
red by standard DTMF generators. Input data is sto- 
red on trailing edge of ISA signal. The tone pair se- 
lected by this code is generated while ISA remains Sees 
low. With ISA high, the oscillator is inhibited and the 

device is in standby mode. SA pin is connected to 
V while device is outputting any tone pair. 


” EFG71891 
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BLOCK DIAGRAM 
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—— DESCRIPTION 


| Name | Function | Description 
vt Supply Voltage Positive Supply 
Supply Voltage OV 
11 B Logic Input Parallel input for hexadecimal code allowing the selection of 2 
° Cc Logic Input frequencies constituting the DTMF signal (see attached table). 
D Logic Input 


| 42 | A Logic Input Serial or Parallel Input for Hexadecimal Code 


13 H Serial Input Clock- | Clock Input for Hexadecimal Code Serial Input Register on Pin A 

Furthermore, it allows for the selection of the serial or parallel 
operating mode of this code. 

iW _ 

| SA Logic Output 

* if ISA is low, SA is a low impedance output at V~. 

° if ISA is high, SA is a high impedance output. 


When ISA input goes low, the validated code is : 

* the parallel input code if input H is high. 
* the serial input code if input H is low. 

MF OUT Analog Output This pin is the DTMF signal output. 

OSC IN Oscillator Input This pin corresponds to the input of the inverter of the oscillator. ; 

The nominal frequency of the oscillator is 3.579 MHz. 

7 OSC OUT | Oscillator Output | This pin corresponds to the output of an inverter with sufficient loop 

gain to start and maintain the crystal oscillating. 


2/10 
ee ee Oe ne f S$GS-THOMSON 
7 wicRoELEcTROMES 


This pin allows for the inhibition of the analog output MF OUT : 
¢ when ISA is high, output MF OUT is idle and connected to V~. 

* when ISA is low, the hexadecimal code is validated and MF OUT 
output is activated. 


This pin indicates the state of the analog output : 


EFG7189-71891 


ABSOLUTE MAXIMUM RATINGS 


Symbol 


Supply Voltage — 0.3 to + 5.5 V 
Digital Input Range — 0.3 to V* + 0.3 
Storage Temperature Range — 55 to + 125 


ELECTRICAL OPERATING CHARACTERISTICS 
All voltages referenced to V 


Symbol 
V 


| Min. | Typ. | Max. | 
| Vt | Positive Supply Voltage | | 
| Toper | Operating Temperature Range | 25 | | 70 
| fe | Crystal Frequency |= 8.579545] - 


. 


DC ELECTRICAL CHARACTERISTICS 
Tamb =— 20 © to 70 °C, Vt =—3 to 5.25 V, f, = 3.579 MHz (all voltages are referenced to V-) 


A.C. ELECTRICAL CHARACTERISTICS 
Tamb = — 25 C to 70 °C, V+ —3 V.to 5.25 V, f, = 3.579 MHz 


| 
Tt, tr | RleerPal Time on input Signals SSCS | 


TTisAow | Transmission Dey —SSOSCS~—~—SsS—SsSS Sd 
TTiSAorr [Blocking Delay —SSSCSC—~—SYC 
Tt | Glock Period —SSOSC—~—SY ts 
a 
[Tan [ Low Level Glock wih SSS 
[Tew | Setup Time of ARelatedto Gok —SSSC~—~—‘it 
[Tu [ Hold Time of A Related to Glock ———SS~S ts 
i: 
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TRANSMISSION CHARACTERISTICS Tamp = 


Note : 1.0dBm = 0.775 Vims 
These specifications are related to the following loads. 


Figure 1. 


MIXED LOAD 


R > 33 k82 
C < 2.2 nF 


C:any 
R: any 


FUNCTIONAL DESCRIPTION 


With ISA input at logic level "1", the device is in low 
power mode. The oscillator is inhibited and analog 
output MF OUT is at ground level. DTMF input da- 
ta is detected on trailing edge of ISA. This transition 
enables both the oscillator and the analog output 
then the data is stored and corresponding DTMF 
pair is generated during the low state interval of the 
ISA signal. Any modification to H, A, B, C and D si- 
gnals during this period will not have any further ef- 
fect on DTMF pair generated. 


The device accepts input data in two different for- 
mats : 

« Parallel format : this requires 4 connections (A, 
B, C, D) between the microprocessor and the cir- 
cuit. 

a Serial format : in this case data is supplied to the 
circuit by the microprocessor via 2 connections 
A and H (see typical application diagram). 


—~25 C to 70 °C, Vt 3 V to 5.25 V, f, = 3.579 


ee 
[DEH OFB | High and Low Frequency Precion —~—SCSC~S—C 
[AFB | Low Frequency Transmission Level (V" =4V)-Nowe? | -8 | 
[eat [High Band Pre-emphasis SSSSC~*idSC 
TT 


RESISTIVE LOAD 


MF OUT 
R 


R 2 120 k&2 V 


y* 
MF OUT | 
R 


R > 33 kL2 


Pre-emphasis is applied to high group tone and both 
tones of DTMF pair are supplied through analog out- 
put pin. 


DATA ACQUISITION LOGIC 


This section includes : A 4-bit shift register, an 8-line 

to 4-line multiplexer and a 4-bit storage register. 

a The 4-bit shift register has its input connected to 
pin A and is enabled by the signal applied to pin 
H. Its outputs are AS, BS, CS and DS signals. 

= The multiplexer is enabled by signal H and ope- 
rates according to the following law : Al = H.AP 
+ H.AS. 

a The 4-bit storage register operates on trailing 
edge of ISA signal. Al, BI, Cl, Dl and AL, BL, CL, 
DL are its inputs and outputs respectively. 


During the low state period of ISA input, AL, BL, CL 
and DL signals determine the DTMF pair to be ge- 
nerated. 
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Figure 2 : Example of Parallel Operating Mode. 


Se 529 


CSS 
a O OOO, O.O.: = OPO, OP, 09.0 PaaS 


Sarees: 


° ©) s e 
4 eS 


770 © 1477 


Stored data (H = 1) Stored data {H = 1) 
AL =0 
BL =1 
CL=1 
DL=0 


Note : If the circuit operates permanently in parallel mode, then the H input may be left floating (internally pulled-up to V*) or tied to logic 1. 
With ISA at logic 0, H,A,B,C, and D inputs cannot modify the generated DTMF pair. 


Figure 3 : Example of Serial-Operating Mode. 


770 ¢ 3477 697 « 1209 


RBA 


Stored data (H = 0) Stored data (H = 0) 


AL = AS =O 0 
BL = BS -1 0 
ct -cs-1 oO 
Dt = DS - 0 1 


Notes : 1. With ISA at logic 0, H, A, B, C and D signals cannot modify the generated DTMF pair. As a result, in serial operating mode, it is pos- 
sible to enter AS, BS, CS and DS data while another DTMF pair is being generated. 
2. First data to be entered is DS. 
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Figure 4 : Data Acquisition Logic. 


Storage register 


8-line to 44ine multiplexer 
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TIMING DIAGRAM 


Rise/Fall Time on Input Signals. 


5 


igure 


F 


a), 


Parallel Operating Mode (H = 


Figure 6 


Serial Operating Mode. 
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MICROELECTRONICS 
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Table 1 


Frequencies Derived from 
(Hz) a 3.579 MHz Quartz (Hz) Rank Standard 


Keyboard 
Code 


omens stews nr 2 QODODOOOX 
ores oaoooot+-++000 XK 
O72 04242 042402420440 
o-oo, 0+/0+0+0+;0- X 


X 
1 

2 
3 
4 
5 
6 
7 
8 
9 
0 
# 
A 
B 
Cc 
D 
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TYPICAL APPLICATION (european standards) 
Figure 8 : Parallel Connection. 


Regulated voltage 


Second orde: 
low-pass 


filter 
EF68HC 


04P3 
or 

ETC 

9410 


EFG7189 


Note : H may be left open or connected to logic 1. 


Figure 9 : Serial Connection. 


Regulated voltage 


yv* MFOUT Second order 
low-pass filter 


EFG7189 


Note : B, Cand D may be left floating or connected to logic 1. 
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DTMF 
output 


DTMF 
output 
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SECOND ORDER LOW-PASS FILTERS 
Figure 10 : With Transistor (gain = 1). 


vt-v” -4V+40.2V 


1000 pF 
+10% 


_ DTMF 
OUTPUT 


Figure 11 : With Op. Amp. (gain = 1). 


DTMF 
OUTPUT 


vt_-v=4V+4+0.2V 
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DUAL TONE MULTIFREQUENCY GENERATOR 


» 2.4704 V SUPPLY RANGE 

s VERY LOW POWER CONSUMPTION 

a» ON-CHIP CRYSTAL CONTROLLED OSCILLA- 
TOR (fo = 4.433619 MHz) WITH INTEGRATED 
FEEDBACK RESISTOR AND LOAD CAPACI- 
TORS 

» LOW HARMONIC DISTORTION (<2 %) 

» FIXED PRE-EMPHASIS ON HIGH-GROUP 
TONES 

» FAST START-UP TIME 

» LOW POWER CONSUMPTION IN STANDBY 
MODE 

a MUTE OUTPUT 

s ONE CONTACT PER KEY 


DESCRIPTION 


The M761 provides all the tone frequency pairs re- 
quired for a DTMF Dialling System. Tones are ob- 
tained from an inexpensive TV crystall (fo = 
4.433619 MHz) followed by two independent pro- 
grammable dividers. The dividing ratio is controlled 
by the selected key. Keyboard format is 4 rows x 4 
columns anda key is valid when acolumn and a row 
are connected together. 


Internal logic prevents the transmission of illegal 
tones when more than one key is pressed. If no key 
is selected the oscillator turns off and the linear parts 
are strobed to decrease the total power consump- 
tion. 


As any buttom is pressed row and column inputs are 
scanned internally, to identify the activated ones. 
Electrically, row and column inputs are activated on 
high level voltage. 


Single tone output cannot be emitted bya"1" ana 
row or column only. For single tone emission see 
"Single tone procedure". 


A debounce output is available to indicate that a key 
has been selected. D/A conversion is accomplished 
by a capacitive network allowing very low power 
consumption, very low distortion and an exceptional 
stability of tone level against temperature variations. 


The tones are mixed in a resistive network ; a unity 
gain amplifier is provided to realize a two pole ac- 
tive filter with only four external passive compo- 
nents. 


November 1988 


ORDER CODE :M761EBt1 


The M761 can be interfaced with the speech circuit 
family LS156, LS356, LS656 with MF interface avoi- 
ding the need of the common spring set. 


The M761 utilizes low voltage CMOS technology _ 
and is available in 18 pin dual in-line plastic 
package. 


PIN CONNECTION (top view) 


COLUMNS 


MIXER OUT 


DIG. FREQ. 
OUT 


$-3810/2 
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BLOCK DIAGRAM 


LOW FREQUENCY 
OSCILLATOR PROGRAMMABLE 
COUNTER 
T 


6alT 
SHIFT REGISTER 
CONTROL 
KEYBOARD LOGIC 
LOGIC PHASE 
GENERATOR 


SHIFT REGISTER 


WIGH FREQUENCY 
PROGRAMMABLE 
COUNTER 


ABSOLUTE MAXIMUM RATINGS 
Parameter 
- Supply Voltage 
Input Voltage 


Power Dissipation 
Operating Temperature Range 


LOW FREQUENCY 
SINE - WAVE 
GENERATOR 


HIGH FREQUENCY 
SINE - WAYE 
GENERATOR 


%* MUTE OUTPUT 


O(*) 
DIGITAL FREQUENCY 
OUTPUT 


MIXER OUTPUT 
FILTER INPUT 
ANALOGUE 


FILTER 
OUTPUT 


FILTER 


5334073 


| Value | Unit _| 
°C 


Storage Temperature Range 


THERMAL DATA 
Thermal Resistance Junction-ambient 


Be Ky SSS:THOMSON 


MICROELECTROMICS 


/ = 55t0+125 | CT 
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ELECTRICAL CHARACTERISTICS (all parameters are tested at Tamp = 25 °C) 


Test Conditions 
sSemmge [om [oe [wee [ose 
DC CHARACTERISTICS 
Vpp Voltage Supply 
ani Voltage 
UPPIY Operating Supply Vop =2.4 V 8 mA 
Current 
Ippo Stand-by Supply Vppo = 2.55 V mA 
Current 


Input Voltage Levels, | | 
(Vpp-Vss) 
Column Inputs] Vi, Logical "0" Vss 20 % of 
-0.3 V oessl 
Cin Input Capacitance Any 
Pin 
liu = High Level Input Vpp =25V Vin=2.5V 1 LA 
Current 

Low Level Input Vop =25V Vit =OV 

Current 
Oscillator 


ion High Level Output |Vpp =25V Von =2V al et 


Low Level Output Vpn =2.5V Vor =0.5 V 100 
Current 


lo. Low Level Output Vpop =25V VoLtL=1V 100 
Current 

Vo Output DC Voltage Vpp =2.5 V 
Without Tones ~ 


(open drain output) © 
Filter Vo Output DC + AC Vpp =2.5 V (see note 2) ape pe 


Voltage with 
2 Tones 


| oe ¢ lon Output Drive Current | Vpp =25V Von =1.5 V a aa ie eS LA 


(see fig. 1) 


lox_Output Sink Current |Voo=25V Vo.=tv_ | 20 | {| | BA 


Notes: 1. This device has been designed to be connected to the DTMF interface of the speech circuit family LS156, LS356, LS656 from which 
it takes a Vop = 2.4 V min. Therefore many parameters are tested at this value. 
2. The value of DC output Ss aa at two different conditions of supply voltage, with two tones activated, can be related as 


follows : 
Voc’ = Voc ded 
: Vpp 
3. The value of AC output components (Vir, Vir) at two different conditions of supply voltages can be related as follows : 
Vir = Vir Noo Vir = Vue Voor _ 


DD DD 
The values are measured with two tone at the output. 
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ELECTRICAL CHARACTERISTICS (all parameters are tested at Tamp = 25 °C) 


Test ln a 
[rw | ase [mm [oe] 


AC CHARACTERISTICS 
Feedback Oscillator 
Resistance 
Gecilate: Input Capacitance pF 
to Vpp 
Co Output Capacitance 
to Vpp 
Zo1 Output Dynamic 
Mixer Impedance with 
2 Tones 
Zo2 Output Dynamic 
Filter 


Impedance with 
2 Tones 


AF Max. Output Tone 
F . Derivation from 
Standard 
Ri 697 Hz 
R2 770 Hz 
R3 852 Hz 
R4 941 Hz 
Ci 1209 Hz 
= 1336 Hz 
3 1477 Hz 
4 1633 Hz 


Vif Low Frequency Tones | Vpp =2.5 V_ (see note 3) a 
Amplitude at Filter Out (see fig. 2) 

Vue High Frequency Tones| Vpp =2.5 V_ (see note 3) 157 mV pp 
oo at Filter Out (see fig. ——— 


At Crystal Frequency 
f = 4.433619 MHZ 


Tone 
Characteristics 


at f = 3.4 KHz 
at f = 50 KHz 
Start-up Time Me +2.5V 3 
(see fig. 4) (see fig. 5) 
tr Supply Voltage Rise Vop =2.5 V 
Time 


| Pre-emphasis (425 | 2 | 275 | 0B 
Total Harminic 
Notes : 1. This device has been designed to be connected to the DTMF interface of the speech circuit family LS156, LS356, LS656 from which 


Unwanted Frequency 
Components 
-— 33 dBm 
— 80 dBm 
Vpp = 2.5 V 
Distortion for 
a Single Frequency 
it takes a Von = 2.4 V min. Therefore many parameters are tested at this value. 
2. The value of DC output component at two different conditions of supply voltage, with two tones activated, can be related as 


follows : 
Voc: = Voc Voor 
Vpp 
3. The value of AC output components (Vir, Vur) at two different conditions of supply voltages can be related as follows : 
Vir = Vir Voo Vur = Vir Voo 
Vpp DD 


The values are measured with two tone at the output. 
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FUNCTIONAL DESCRIPTION 


OSCILLATOR (OSC. IN - OSC. OUT) 


The oscillator circuit has been designed to work 
with a 4.433619 MHz crystal ensuring both fast start- 
up time and low current consumption. 


When Vpp is applied and a key is activated two in- 
verters are paralleled (see fig. below) to decrease 
the total ron resistance. 


After oscillations have started one of the two buffers 


M761E 


is switched off and the current consumption is redu- 
ced to 2/3 of the initial value. 


Feedback resistance and load capacitances are in- 
tegrated onthe chip ensuring good temperature per- 
formance. 


When the device is supplied but no key is activated, 
the oscillator is in the stand-by mode to minimize po- 
wer consumption. 


OSC.OUT 


THREE STATE 
INPUT 


KEYBOARD INPUTS 
(C1, C2, C3, C4 - R1, R2, R3, Rd) 


Each keyboard input has an internal protection cir- 
cuit ; when a button is pressed, the oscillator starts 
and dynamic scanning of keyboard is realised. 


This allows to the detection of which button has 
been pressed. 


When two or more column or row inputs are activa- 
ted no tone is generated. 


DIGITAL FREQUENCY OUTPUT 


This output is intended for testing only ; when a sin- 
gle tone is activated, at this output is available a di- 
gital signal whose frequency is 16 times the selected 
output tone frequency. This output is an open col- 
lector N-channel transistor. 


LF.ANALOGUE 
INPUT 


MIXER OUTPUT 


The two reconstructed sine waves are buffered then 
mixed in a resistive array network that also restores 
the DC output level. 


DIGITAL 
FREQUENCY 
OUTPUT 


HF ANALOGUE 
INPUT 


1OKN. 10K 20K. 


20K. 


MIXER 


OUTPUT $-3804/1 
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FILTER (Filter Input, Filter Output) 


A unity gain amplifier is available to realize a two 
pole active filter (see fig. below). The output of this 
amplifier is held low until tones are valid, it than rises 
to about 0.85 V at Vpp = 2.5 V. 

Tones are superimposed on this DC. 

The output DC component is very precise and sta- 
ble to allow DC coupling with the LS156 speech cir- 
cuit with MF interface. 

The output dynamic impedance of the filter is about 
2.5 KQ. 


Yoo 
15 KO 


$-3805 


The following equivalent circuit should be applied 
during filter design : 


“a2. FILTERINPUT o5xo 


FILTER 
OUTPUT 


$-36°2/1 


It is evident that R1 and R2 should be kept high to 
avoid undue influence of Mixer and Filter output im- 
pedances. 


The following values are suggested : 
R1=56KQ+2% 
R2=33KQ+2% 
Ci=2.2nF+10% 

C2 =0.56 nF+10% 


MUTE OUTPUT 


Mute output becomes active when a key is activa- 
ted eliminating keyboard bounces and remains ac- 
tive for all the duration of tone transmission. 


If the key is released before the oscillator produces 
the correct control signals, mute output is disabled. 


SINGLE TONE PROCEDURE 
This is accomplished through the following steps : 


1) Activate simultaneously R1, R4, C1, C4 inputs, 
appling logic 1’S. This implies the use of logic le- 
vel sources. The single contact keyboard does 
not allow this procedure. 


2) The device enters the "test mode" Now any sin- 
gle row or column frequency (or both) can be 
activated at output applying logic "1" to corres- 
pondant input (inputs). 

3) To get out from "test mode" reply R1, R4, C1, C4, 
activation or power off/power on. 


«il 
- FLT 


OSC. OUT. oe | ce] 
TONE OUT. rs | 
a 


5-3809 
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Figure 1 + DC + AC Out Level Measurement Test Set. 


FILTER OUT 


$-5538 


This measurement is performed with both row and column tones at output. 


Figure 2 : Out Tone Level Measurement Test Set. 


FILTER OUT 


This measurement is performed with both row and column tones at output. 
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Figure 3 : THD Measurement Test Set. 


PEAK : 
DETECTOR OUT 


$-3801/1 


High pass filters characteristics : F1:fo=1400Hz 100 dB/dec 
F2 : fo = 2500 Hz 100 dB/dec 


THD measurement is made by sensing the level of harmonic components after suppression of the fundamental. 
Two different high pass filters are used for low and high frequency tones. 


. Figure 4 : Start-up time Measurement Test Set. Figure 5 : Start-up time Definition. 


FROM 
TEST 
MACHINE 


1LaEmMA 
lop 


$-3802/) S- 3803/2 
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TYPICAL APPLICATIONS 


Figure 6 : M761 application circuit with electronic speech circuit. 
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s OPERATION FROM 1.5V TO 5.5 SUPPLY 

a STATIC STANDBY OPERATION DOWN TO 1V 

a LOW CURRENT CONSUMPTION: 100uUA, 1.5V 

a» LOW STATIC STANDBY CURRENT : MAX 
500nA 

= LAST NUMBER REDIAL FUNCTION 

a 32 DIGIT CAPACITY, INCLUDING ACCESS 
PAUSES 

a ON-CHIP RC OSCILLATOR USING THREE Ex- 
TERNAL COMPONENTS 

a DIALING RATE CAN BE VARIED BY CHAN- 
GING THE DIAL RATE OSCILLATOR FRE- 
QUENCY 

a DIALING PULSE MARK/SPACE RATIO SE- 
LECTABLE :1.5:10R2:1 

a CIRCUIT RESET FOR LINE POWER BREAKS 
> 220ms 

» ACCESS PAUSE GENERATION VIA THE KEY- 
BOARD - 

u ACCESS PAUSE RESET VIA THE KEYBOARD 


DESCRIPTION 


The M3561 is a single chip silicon-gate C-MOS in- 
tegrated circuit. It is intended to convert push button 
keyboard entries into streams of correctly-timed line 
current interruptions. The input data is derived from 
a telephone keyboard with a 3 x 4 push button ma- 
trix. Numbers with up to 32 digits can be retained in 
a RAM for redial. Access pause can be stored via 
the keyboard. 


January 1989 


M3561 


PULSE DIALER 


(0,25mm) 


ORDER CODE : M3561B 


PIN CONNECTION 


M89M3561-@1 
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ABSOLUTE MAXIMUM RATINGS 


| Symbol Parameter 

[ Voo_| Supply Voltage 
Voltage on any Pin (Vss — 0.3) to (Vpp + 0.3) 
Eater) 


Operating Temperature (— 25 to + 70) 
(— 65 to + 150) 


Storage Temperature 


M 


TIMING 
Caeneelen DIVIDER i COUNTER 
——— a 


32x4 BIT ADDRESS 
RAM DECODER 


—— 
sciaror PROGRAMMABLE 


ADDRESS ONTROL 
SELECT LOGIC 


INPUT/ ADDRESS 
OUTPUT COUNTER 


OUTPUT 


COUNTER KEYBOARD ACCESS 
DECODER PAUSE 


X1 X2 X3 Y1 Y2 Y3 Y4 
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ELECTRICAL CHARACTERISTICS 
(Vop = 2.5V 3 Vsg = OV; fos = 2.4KHZ ; Tamp = — 25°C to + 70°C, unless otherwise specified) 


Symbol Parameter Test Conditions 


Micasacanuas SE SETS 
Vee | Operating Supply Votage ae a 
oe a a SR A 


Operating Supply Current CE = =Vssg ;Vpp = 1.5 V | 
; CE =Vss >Vpp =55V 
Tamb = 25 °C 


Standby Supply Current CE =Vpp : Vpp = 1.5 V 
M/S = Vpp ; 
IDS = APE = Vss 


Vit Input Voltage Low 15 V<Vpp < 5.5 V Vss 20 % 
-03 V of Vpp 
Vin Input Voltage High 15 V<Vpp $5.5 V 80 % Vop- 
: of Vpp +0.3V 
—Iit Input Leakage Current CE Low - CE = Vss 100 nA 
le CE High CE = aaa — rs 
Pull-up inset Current M/S Vi= IVi=Vss sd 
Keyboard "ON" Resistance Contact ON — —— 
Keyboard "OFF" Resistance Contact OFF ee eee ee 
| ti | Input Current for Xn, "ON" PVi=Voo | 80 |p 
| tim | Input Current for Yn, "ON" Se 


T= input Curent for Yn OF [Wie Was aoa 
tor | Outputs Mi, DP Sink Curent | Vor=osv—+| 4) 6 [| ma 


C1 | ost Fegeney [vanes vo 


Frequency Deviation (%) 15V<Vpp << 3.5 V naan 


Af = HLS V) — (3.5 V) fixed Rc Oscillator 
(2.5 V) Components : 

Rg = 715 kQ 
Re = 750 kQ 
Ci = 270 pF 
Tamb = 25 °C 
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~ TIMING CHARACTERISTICS 


(Vpp = 1.5 to 5.5V ; Vgg = 0; fosc = 2.4KHZz ; Tamb = 25°C) 


Parameter 


Dialing Pulse Frequency ~ 1/Tpp 
Make Time 


Symbol 
‘f 
f 
t 


Reset Delay Time 
Debounce Time Min. 


fou | 
rs 
Cae Break Time 
ota a 
| tps _ | 
= 


Clock Enable Time 
MON nae Clock Start-up Time 
Initial Data Entry Time ton + te 


GENERAL DESCRIPTION 


CL 
DP 
tm 
tm 
tb 
to 
pd 


1. Pin Description 
Y4;Y3;Y2;Y1 (pins 1 through 4) 
Row keyboard input pins 


CE (pin 5) 


Chip Enable input pin. It is used to initialize the sys- 
tem, to select between the operational mode and 
the static standby mode, to handle line power 
breaks. 


RE ; CD ; RD (pins 6 through 8 


Oscillator pins. These pins are used to connect ex- 
ternal resistors RD, RE and capacitor CD to forma 
R-C oscillator that generates the time base for the 
Key Pulser. The output dialing rate and IDP are de- 
rived from this time base. 


DP (pin 9) 

Dial Pulse output pin. This signal is provided to drive 
the external line switching transistor or relay. The 
output will be "low" during "space" and "high" other- 
wise. 


2/5 x Topp M/S Vop 40 
1/3 x Tpp | W/S =Vss 33.3 
3/5 X Tpp | M/S = Vpp ~ 60 
2/3 X Tpp | M/S =Vss 66.6 
“Inter Digit Pause Ox Toe. | (Se Ves to 
Pre Digit Pause 8.4.x Tpp | IDS =Vss | ms | 


, 13.3 
; Max. 16.7 


1 


VSS (pin 10 
Negative supply input pin. 
M1 (pin 11) 


Mute output pin. This signal can be used to mute the 
receiver during the dialling sequence. 


M/S (pin 12 


Mark/Space selection input pin. This pin controls the 
mark to space ratio of the line pulses: ~ 


M/S = VSS (33.3/66.6) ; M/S = VDD (40/60). 
M/S has an internal pull-up resistor. 

VDD (pin 13) 

Positive Supply input pin. 

IDS (pin 14) 


This pin must be connected to Vss. 


APE (pin 15 

This pin must be connected to Vss. 
X1 ; X2 ; X3 (pins 16 through 18) 
Column keyboard input pins. 
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Table1 : Table for selecting oscillator component values for desired dialing rates and inter-digit pauses. 


745 750 


Mark/space Ratio M/S 


2. Clock Oscillator 

This device contains an oscillator circuit that requires 
three external components : two resistors (RD and 
RE) and one capacitor (CD). All internal timing is de- 
rived from this master time base. To eliminate clock 
interference in the talk state, the oscillator is only ena- 
bled during key closures and during the dialing state. 
It is disabled at all other times, including the "on hook" 
condition. For a dialing rate of 10 pps, the oscillator 
should be adjusted to 2400Hz. Typical values of ex- 
ternal components for this are RD = 715Kohm and 
RE = 750Kohm and CD = 270pF. 

It is recommended that the tolerance of resistors be 
1%, and that of the capacitor be 5%, to insure a+ 10% 
tolerance of the dialing rate in the system. 


3. Chip Enable (CE) 

The CE input is used to initialize the chip system. 
CE = High provides the static standby condition. In 
this mode, the clock oscillator is off, and internal re- 
gisters are clamped in reset, with the exception of 
WRITE ADDRESS COUNTER (WAC). The keyboard 
input is inhibited, but data previously entered is saved 
in the RAM. 

When CE = Low, the clock oscillator is again off but 
the internal registers are enabled and data can be 
entered from the keyboard. After the first keyboard 
entry the clock oscillator starts. 

If the CE input is taken to a High level for more than 


ky SGS-THOMSON 


Select component in the ranges indicated in table of electrical 
: specificatiion 


10.24 1920/1 


| Function =| Pin input Level | Selection 
Vss {22 
Vpp 127.5 


Dial Rate (pps) IDP (ms) 


CTs ae 
ee 
[>7s [1000 
8.5 ; 942 
eer ee 
ee 


Vss ‘ Off-hook 

On-hook 
the time trd (see figures 3 and 4 and timing data), an 
internal reset pulse will be generated at the end of the 
trd period. The system is then is the static standby 
mode. 


Short CE pulses of < trd will not affect the operation 
of the circuit. No reset pulses are then produced. 


4. Debouncing Keyboard Entries 

The column keyboard inputs to the integrated circuit 
(Xn) and the row keyboard inputs (Yn) are for direct 
connection to a 3 x 4 single contact keyboard matrix 
(with or without common contact), as shown in fig. 1, 
or to a double contact keyboard with a common 
connected to VDD (see figure 2). An entry is decoded 
into a 4-bit binary keycode by the keyboard decoder 
when one column input is connected to one row in- 
put, or when one column input and one row input are 
set High. Any other input combinations will be judged 
to not be valid and will not be accepted. 

Valid inputs are debounced on to the leading and trai- 
ling edges, as shown in figure 3 : Keyboard entries 
are only decoded into 4-bit binary keycodes and writ- 
ten into the RAM if the keyboard contact remains clo- 
sed for four or five clock pulse periods (entry period 
te). The next keyboard entry will not be accepted un- ~ 
til the previously closed contact has been open for 
three or four clock pulse periods. The one clock pulse 
period of uncertainty in the debouncing process arises 
because keyboard entries are not detected until the 
trailing edge of the first clock pulse after the entry. 
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Figure 1 : Single Contact Keyboard. 3 Figure 2 : Double Contact Keyboard. 
(1) common (connected to VDD). 


S-8997 


# Key : Redial or Set/Reset Access Pause. 


Figure 3. 
Timing diagram showing clock start-up, keyboard entry debouncing and the effect of interrupting the supply. 
to CE during the transmission of dialing pulses. 


tE MIN 


{ » WRITTEN INTO RAM MN@SNISE1~-82 
| 1 
——_______—__> 

tE MAX 


(1) Static Standby Mode. 
(2) Dialing Mode. 
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5. Data Storage and Data Retrieval 


After each keyboard entry has been debounced and 
decoded, the keycode is written into the RAM and 
the WAC is incremented by one to select the next 
RAM location where the next keycode will be sto- 
red. As each keycode is recalled from the RAM for 
line pulsing, the READ ADDRESS COUNTER 
(RAC) is incremented by one to select the RAM lo- 
cation of the next keycode to be recalled. Conse- 
quently, the difference between the contents of the 
WAC and of the RAC represents the number of key- 
codes that have been written into the RAM, but not 
yet converted into line pulses. 


If more than 32 keycodes are written into the RAM, 
memory overflow results and the excess keycodes 
replace the data in the lower-numbered RAM loca- 
tions. In this event, since an erroneous number is 
stored, automatic redialing is inhibited until the WAC 
has been reset by the first digit entry of the next 
telephone call. 


If the first push button to be pressed is not redial (#), 
the WAC is reset during entry time te, the correspon- 
ding keycode is written into the first RAM location 
and the WAC is then incremented by one to select 
the next RAM location. Consequently, if the first 
push button pressed is not redial, the data stored 
previously in the RAM cannot be redialed anymore. 


If the first push button is redial (#), the WAC is not 
reset and the keycodes stored in the RAM are se- 
quentially recalled and converted into correctly ti- 
med dialing pulses at output DP. If the redial push 
button (#) is operated again during the redialling se- 
quence, it will be decoded as an Access Pause Re- 
set. This function will be described later during the 
description of the access pause system of the 
M3561. During and after redial, new keyboard en- 
tries will be accepted, and converted into correctly 
timed dialing pulses. These new keyboard are not 
stored in RAM. 
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6. Dialing Sequence | 


The dialing sequence can be initiated under the fol- 
lowing conditions : 


- The supply to the integrated circuit is derived from 
the telephone lines via the cradle contacts (power 
supply before keyboard entry) ; see fig. 4. 


Then, approximately 1ms (ten) after CE goes Low, 
the clock pulse generator is enable, and the circuit 
is in the conversation mode, while the subscriver 
waits for the dialing tone. When the first digit of the 
required number is entered at the keyboard, the 
clock oscillator starts and data entry period te be- 
gins. 

The further dialing sequence will be described with 
the aid of fig. 4. When the keyboard entry has been 
decoded and written into the RAM, M1 goes LOW 
to mute the telephone with a delay of about one In- 
ter Digit Pause time (1.1 “tid), the RAC addresses 
the RAM and the first keycode is loaded into the re- 
gister of the output counter, which generates the ap- 
propriate number of correctly timed aang pulses at 
output DP. 


When the digit has been pulsed out, M1 goes HIGH, 
at least for one IDP, the RAC is incremented by one, 
and the procedure repeats until the WAC and RAC 
contents are equal (all digits pulsed out). - 


When M1 is High, the circuit assumes the conver- 
sation mode. The circuit reverts to the static stand- 
by mode if CE goes High for more-than the reset 
delay time (trd) at any time during the conversation 
or dialing mode (e. g., because the handset is repla- 
ced). CE remains High although VDD is maintained 
by a backup supply (e.g., because an external diode 
isolates CE from the back-up supply connected to 
VDD). The RAM retains its contents for subsequent 
automatic redialing as long as the back-up supply 
maintains VDD above VDR = 1V. : 
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Figure 4. 


Timing diagram of dialing sequence with Vpp and CE Low before keyboard entry (e.g., supply via the cra- 


dle contacts). 


HANDSET 
LIFTED 


1 ite 
—> 


ceveonno | PE 
3 A 
ENTRY — - 


CONVERSATION 
MODE 


DIALING MODE 


HANDSET 
REPLACED 


UDD MANTAINED 
BY BACK-UP CAPACITOR , 


nT 


CONVERSATION 


MODE 
M@S9HISE1 -@3 


(1) Oscillator off. All registers except WAC reset. Keyboard input inhibited. Number stored in RAM until Vop >= 1V. 


7. Storage and Regeneration of Access Pauses 


A dial sequence may require an extended Inter Digit 
Pause if it is necessary to wait for the dial tone. Du- 
ring the keyboard entry, whenever an access pause 
is needed, a pause code can be stored in the RAM, 
via the keyboard (# key) for a later redial sequence. 
When an access pause is regenerated during redia- 
ling, it can be terminated via keyboard ( # key). 


A pause code takes one position in the RAM like a 
digit. The number of digits plus the number of ac- 
cess pauses cna therefor bu up to 32. 


7.1. MANUAL PAUSE. Access pause codes can be 
stored in the RAM at appropriate positions by pres- 
sing the access pause key (# key). A manual pause 
code can be stored after any digit. The maximum 
number of manual pause codes is not limited. 
Consecutive manual pause codes will generate a 
single pause during redial. 

During the redial sequence the manually stored 
codes will automatically generate pauses. The du- 
ration of the manual pause is unlimited. Whenever 
a manual pause code is read from the RAM, the nor- 
mal Inter Digit Pause is extended until it is termina- 
ted manually by presssing key #. 
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8. Summary of Special Keyboard Functions 


Key #: Inserts a manual pause code, if activated 
after a number key, or terminates a manual 
pause, if activated during the pause. 


Key #: Starts the redial sequence, if activated as 
first key after off-hook. 


10. Selection of Extra Digits During or After Redial 


Case 1 


1th selection 


Emission 


Redial 


Emission 


Comment : The key entries 
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9. Statc Standby Operation 

CE : HIGH turns off the oscillator and resets all in- 
ternal registers, with the exception of the WRITE 
ADDRESS COUNTER and the RAM. All input pull- 
up and pull-down devices are switched off. The cur- 
rent consumption is reduced in this condition such 
that the supply voltage required to hold the data sto- 
red in the RAM can be provided by a capacitor. 


Banking 


after "Redial" are dialed buty not memorized. | 


9/13 
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Case 2 


ist selection 


Keyboard 
Emission GG 
Redial 
“TE EP ag 
“FAA CF 


Comment : The first key is used as "Redial", the other keys are ignored 
because no manual pause was memorized during the first selection. 
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Case 3 


1st selection 


~HAG AE 

sete | AN 

~ PEE 

| Redial | 

~ CEPT 

Comment : during the first selection if many keys L# are pressed consecutively only one is memo- 


rized in the RAM. In the second selection the first key is used as Redial, the second is ignored 
since the emission is still going and the third ends the manual pause inserted in the first selection. 
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11. Multiple Key Pressing 
If two keys are pressed at the same time, the following operation will take place. 


Case 1 


OFF ON OFF 


OFF ON OFF 
“b" key 


NEGNI561-O4 


These key inputs will be completely ignored. 


Case 2 
OFF ON OFF 
a” key 
] 
| 
| 
OFF | ON OFF 
"“b”" key 
NEGN3561-A5 
_The "a" key input wil be ignored. The "b" key input will be read from this point ( : ) 
Case 3 
OFF ON OFF 
"a" key 
| 
! 
' OFF | ON | OFF 
"b" key : 
| ' ME89N3561-86 
The "a" key input will be read from this point ( | ) The "b" key input will be ignored. 
12/13 
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M3561 
Case 4 


OFF ON OFF 


DFF ON OFF 
"b" key 


MNBESMN3SE1-G7 


The "b" key input will be read from this point ( | ). 
Consequently the "b" key is read once and the "a" key is ignored. 


Case 5 
OFF ON ORP 
"a" key 
) , 
| 
ae ORFs | | ON | OFF 
b" key : 
NESNFI5SE61-B8E 
The "a" key input wil be read from 1st point ( ). The "b" key input will be read from 2nd point G ). 


Consequently the "a" key and the "b" key are read once each.- 
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SINGLE NUMBER PULSE TONE SWITCHABLE DIALER 
WITH SAVE FACILITY 


a SELECTABLE LOOP DISCONNECT OR DTMF 
DIALLING MODES 

» ALLOWS USER TO SWITCH FROM LD TO 
DTMF DIALLING DURING A CALL 

a LNR FACILITY ALLOWS UP TO 32 DIGITS TO 
BE RETAINED FOR REDIALLING 

a SELECTABLE MAKE/BREAK RATIOS 2 : 1 
AND3:2 

a SELECTABLE INTERDIGIT PAUSE 500ms OR 
800ms 

=» USES INEXPENSIVE 560KHz RESONATOR 

=» TIMED BREAK RECALL (timed flash) 

=» OPERATES WITH INEXPENSIVE SINGLE 
CONTACT KEYPAD 

= CAPABLE OF BATTERY-LESS OPERATION. 
LOW POWER CMOS PROCESS ALLOWS DI- 
RECT OPERATION FROM TELEPHONE 
LINES 


DESCRIPTION 


The M3540 is a keypad switchable LD/DTMF dialer 
devices designed for use in low cost, dual dialing 
mode telephone instruments. It is suitable for sen- 
ding telephone numbers without limit and an on-chip 
memory allows numbers of up 32 digits to be retai- 
ned for redialling later. The low power CMOS de- 
sign allows the number in the memory to be 
maintained indefinitely (until overwritten) by a mini- 
mal current leaked from the telephone line. A parti- 
cular feature of this device is the facility for the user 
to switch dialling mode from LD to DTMF via the key- 
pad during the course of a call. This is intended for 
uses such as home banking, access to long dis- 
tance trunk service, credit card verifications and 
other applications which require data to be sent at 
low speed once a connection has been established. 


February 1989 


PRELIMINARY DATA 


ORDER CODE : M3540B 


PIN CONNECTION 


IMP 
SELECT 
MASK 
OSC OUT 
OSC IN 
FILTIN 
FILTOUT 
HSU 

USS 

UDD 


BP WON OAH F&F WN 


MESGH3IS4E-B1 
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ABSOLUTE MAXIMUM RATINGS* 


_[Symbot parameter 


|__| Supply Voltage Vop-Vss Y 
Voltage on any Pin Except HSW ' | Vgg - 0.3 Vop + 0.3 V 
Voltage on Pin HSW (current limited to < 100A) Vss — 0.3 V 
Current at any Pin Except FILTOUT and FILTIN 
Current at Pin FILTIN 
* Stresses above the listed under "Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only func- 
tional operation of the device at these or any other condition above those indicated in the operational sections of this specification is not im- 
plied. Exposure to absolute maximum ratings for extended periods may affect device reliability. 


Current at Pin FILTOUT 


D. C. ELECTRICAL CHARACTERISTICS 
(at 2.5V, 25°C unless otherwise stated) 


aii S| Pametee FS 
2.5 
2.0 


Supply Voltage - Off-hook 


Supply Voltage - On-hook 


Supply Current - On-hook at 2.0V 1000 
Supply Current - Off-hook (idle) 1.5 15.0 
Supply Current - MF tone sending 

Supply Current - LD impulsing 


Hookswitch Input - On-hook : 0.2 Vop 
Hookswitch Input - Off-hook 0.8 Vop 

: MASK, MUTE and IMP Outputs, Load —- 1mA 2.2: V 
MASK, MUTE and IMP Outputs, Load + 1mA 0.3 V 


|__| MF OUT DC. Level During Tone Sending | | 09 Vp | 


Darlington Pair Current Gain at 
le = 100A, Vce = 2V 


A.C. ELECTRICAL CHARACTERISTICS 
(at Vop = 2.5V, 25°C unless otherwise stated) 


Symbol Parameter 


} no Load 


Tone Amplitude Low Group 
Tone Amplitude High Group 


Ratio of High to Low Group Amplitude 


Total Harmonic Distortion:0- 4kHz 
O- 10kHz 
O- 50kHz 
0- 200kHz 
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PIN FUNCTIONS 


Connections for 16 Buttons, Single Contact Keyboard 


Positive Supply 
Negative Supply | : ; 
SELECT LD/MF Selection, IDP and B/M Ratio Programming 


Oscillator Connection 


Hookswitch. A logic '1' voltage at this pin is used to indicate 'off-hook'. 


MASK Output to disable speech circuit during pulse dialling and recall (see note 1). 
| IMP ‘Loop Disconnect' Dialling Output . 
MF OUT Unfiltered, Dual Tone Output 


Ped Unity Gain Amplifier Input and Output for 2-pole Filter 


MUTE Output Active During Keying and Tone Transmission (see note 2) 


Notes: 1. The MASK output may be used to disconnect the whole speech circuit in order to maintain the break condition whilst on-hook, du- 
ring a TBR (timed flash) operation or for LD dialling. 
2. The MUTE output is provided to disable the microphone while maintaining the loop condition during DTMF transmission. 


KEYPAD OPERATION KEYPAD FORMAT 


The device will accept keypad inputs only in the ’off- 
hook’ condition when the key is pressed for more 
than 14ms. Any key pressed during the ’on-hook’ 
condition will be ignored and the oscillator inhibited. 
This ensures that the current drain ’on-hook’ is low 
and used only for memory retention. 


C1 ves 3. cea 


NBGNIS4A-B2 


TBR = Timed Break Recall (Timed Flash) 
SAVE = Save digits dialled since going off-hook 
REDIAL = Redial digits in ’save’ store 

TONE -=Change dialling mode from LD to DTMF 
* and # are available in DT[MF mode only 
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LD/DTMF MODE SELECTION 


The initial dialling mode after the telephone goes off-hook is determined as follows : 


DTMF - Connect SELECT pin to Vop 


aid Connect SELECT 
pin to: 


| IDP_| B/M Ratio 


KEYPAD LD/DTMF MODE CHANGE 


Pressing the TONE key at any time after going off- 
hook will cause subsequently entered digits to be 
dialled in DTMF. If the TBR (Timed Flash) key is 
Pressed, or an Earth Loop Recall operation is si- 


Figure 1. 


LD dialing is at 10 p.p.s. for all options 


gnalled to the chip, further dialling is set to the initial 
mode again. 

In order to signal an ELR operation to the chip, the 
following configuration should be adopted : 


MNEGHIS48-83 


t 


"SAVE’ STORE OPERATION 


The ‘save’ store is 31 digits long. If the user attempts 
to save a number of more than 31 digits the store is 
inhibited. The contents of the ’save’ store are main- 
tained until overwritten. 


To load the 'save’ store : 


At any time whilst off-hook the SAVE key may be 
pressed. This action causes digits dialled since 
going off-hook to be retained, and the previous 
contents of the store are overwritten. Further digits 
may be dialled after pressing the SAVE key but 
these will not be retained. 


To redial the number in the ’save’ store : 
Whilst in the speech mode, press REDIAL once. 


However, if an LD to DIMF mode change was ef- 
fected when the number was originally dialled, a 
marker* in the ‘save’ store will cause the redialling 


to pause at this point and the speech circuit will be 
reactivated. If the REDIAL key is then pressed 
again, the remaining digits in the store will be redial- 
led in DTMF. 


If the redial feature ts invoked after going off-hook, 
the digits in the ’save’ store will be redialled as des- 
cribed above. If the redial feature is not invoked af- 
ter going off-hook, it is possible to first key in digits 
and then press REDIAL. If the digits keyed in corres- 
pond with the first digits in the save’ store, the re- 
maining digits will be automatically redialled (this 
feature is provided to allow manual keying of an ac- 
cess code followed by a pause before dialling out 
the rest of the number). If, however, a digit is keyed 
which differs from the corresponding digit in the 


store number, then redialling is inhibited. 
* This marker requires one location of the 31 digit store 


a scs-THOMson: 
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LAST NUMBER REDIAL 


The function of the Last Number Redial store is to 
automatically retain the last number dialled so that 
it can be redialled later simply by pressing the LNR 
key. Either LD or MF numbers will be retained in the 
store. When numbers containing an LD part follo- 
wed by an MF part are dialled, only the LD part will 
be retained in order that security codes, etc., dialled 
in MF are not automatically stored. 


To redial a number, go off-hook and press LNR. 


once. Alternatively, digits may be keyed manually 
before LNR is pressed. If-the digits keyed corres- 
pond with the first digits in the LNR store, the remai- 
ning digits will be automatically redialled when LNR 
is pressed (this feature allows manual keying of an 
access code followed by a pause before dialling out 
the rest of the number). If, however, a digit is keyed 
which differs from the corresponding digit in the sto- 
red number, then redialling is inhibited. 


HOOKSWITCH OPERATION 


The hookswitch input is used to inform the M3540 
of whether the telephone is on- or off-hook. When 
the telephone is on-hook the M3540 will adopt a sta- 
tic low power mode in which dialling functions are 
inhibited and only a minimal current is consumed to 
maintain the store contents. 


ky SGS-THOMSON 


M3540 


The M3540 recognises the on-hook condition when 
the hookswitch input (HSW) goes from logic 1’ (the 
off-hook condition) to logic ’0’ for greater than 
300ms. Short line voltage interruptions of less than 
200ms, such as those created by the exchange du- 
ring connection, will not be recognised by the M3540 
as an on-hook indication. 


The MASK output will go to logic ’0’ instantly when- 
ever, and for as long as, the hookswitch input is at 
logic ’0’ in order to disconnect the speech circuit. 
This conserves current so that the store contents 
are not lost. 


POWER-ON RESET 


A Power-on Reset is internally generated when po- 
wer is applied to the chip and causes the number 
store to be cleared. 


LOOP DISCONNECT MODE 


In this mode the MASK output is used to disable the 
speech circuit during dialling. The MASK output is 
at logic ’0’ during impulsing and interdigit pauses. 


_ The IMP output signals a break to line when at logic 


’0’ (Vss). Make periods and |.D.P. times are signal- 
led by logic 1’ on the output. During the non-dialling 
period the impulsing output is at logic ’0’. Timing of 
the output is shown below. 
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Figure 2 : Timing Diagram. 
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MASK TIMEOUT 


4 


166mS 


IMP + 'IDP' > 
"or 


(PARTIAL) 
MUTE (LOW) 


MAFOUT(LOU) 


MBOSNIS41-B4 


Figure 3 : Timing Data. 


N8BN5413-84 


ti = Pre-digit pause (= ts) 

te = Break period (60ms or 67ms) 

ts = Make period (40ms or 33ms) 

ts = Post-digit make (= ts) 

ts = Inter-digit pause (500 or 800ms) 
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DTMF MODE 
The MUTE output goes to logic 1’ when a key is ac- tone transmission. 
tivated and remains active for the duration of the The tone rate will be 100ms on, 100ms off minimum. 


TONE FREQUENCIES 


Keypad 


Nominal Frequency (Hz) 
Deviation from Nominal (%) 


| Ri | oR2 | rs | Ra | ct | c2 | c3_ | 
— 0.07 — 0.10 — 0.19 — 0.15 — 0.17 — 0.20 — 0.22 


There will be an additional error due to the deviation of the oscillator frequency from 560KHz. 
Figure 4 : Timing Diagram. | , 


HOOK 


SUITCH | | 


KEY PRESS | | | | | | L! 


I 
ROW [ 
ror rAt ‘TBR’ ro’ i 


MASK | | | | “ 
166ms [ Seon 
IMP(LOU) I 


OQ ee —e ee 


ON -HOOK 


TIMEOUT 


'@' (SHORTENED) 


| I t ‘ 
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TONE OUTPUT 


Facility has been made for tone filtering as shown 
below. This also allows the user to adjust tone am- 
plitudes as required. The tone amplitude is propor- 


Figure 5. 


MF 
GENERATOR 
ON CHIP 


tional to the chip supply voltage, Vpp, and can be 
adjusted by changing the ratio of R3 and Ra 


[vao} - 


j 
BO 


i) 


------ FILTIN }|~--4 FILTOUT F}--+~--- 


EXTERNAL 
CIRCUIT 


M@8NS5S4139-86 . 
TYPICAL VALUES 


OUTPUT 


‘The filter components shown have been chosen to give a second order Butterworth response with a cut-off frequency of 


about 3.5KHz. The pass-band insertion loss is nominally 0.5dB. 


DTMF APPLICATION CIRCUITS 


The DTMF circuit in figure 2 uses a constant current 
supply and a 2.5V reference diode to produce the 
stabilised supply voltage which determines.the MF 
tone level of the M3540. If the speech circuit pro- 
vides a stabilised voltage, then figure 3 shows how 


it may be used to power the M3540 Diode D1 pre- 
vents the speech circuit from taking current whilst 
the telephone is on-hook, and D2 compensates for 
the voltage dropped across D1 when off-hook. 
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Figure 7. 


HOOK SUITCH - 


Se 
HSU 


HOOK SUITCH 


HSU MUTE 


ky 


FILT OUT 


FILT OUT 


SGS-THOMSON 
MICROELECTRONICS 


D SELECT 
MUTE 


Di 


M3540 


; =e LINES 
TX MUTE 
MF INPUT 
SPEECH 
- CIRCUIT 


NESNS54E-86 
1UDD LINE+ 


1 
H 
1 TX MUTE 
MF INPUT | 


SPEECH 
CIRCUIT 


ABGNISEIE B87 


9/11, 


59 


M3540 


SWITCHABLE LD/MF APPLICATION CIRCUITS 


The circuit in figure 4 uses a constant current sup- 
ply to take current from the telephone line which is 
used to power the M3540. The 2.5V reference diode 
produces a stabilised supply voltage which deter- 
mines the MF tone level of the M3540. 


In figure 5, a stabilising voltage from the speech cct 
is used to supply the M3540 during MF dialling to 
give accurate tone levels. 


Figure 8. 


s6e | 
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DD SELECI 


1 
U 
HSW 


The M3540 is powered via the 150K resistor during 
TBR operations and LD dialling breaks, and via Q1 

during dialling makes. This configuration minimises. 
the component count at the expense of allowing a 
leakage current of about 450uA during dialling 

breaks. The 47p1F reservoir capacitor maintains and 
smooths the supply to the chip. 


~ LINE? ~ 
TX MUTE 


MF INPUT 


SPEECH iC) 
CIRCUIT 
! 


( 
( 
I 
I 
| 
I 
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Figure 9. 
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SINGLE NUMBER PULSE TONE SWITCHABLE DIALER 


PRELIMINARY DATA 


a SELECTABLE LOOP DISCONNECT OR DTMF 
DIALLING MODES 

» ALLOWS USER TO SWITCH FROM LD TO 
DTMF DIALLING DURING A CALL 

a LNR FACILITY ALLOWS UP TO 82 DIGITS TO 
BE RETAINED FOR REDIALLING 

a SELECTABLE MAKE/BREAK RATIOS 2:1 AND - 
3:2 

=» SELECTABLE INTERDIGIT PAUSE 500ms OR 
800ms 

» USES INEXPENSIVE 560KHz RESONATOR 

» TIMED BREAK RECALL (timed flash) 

mn OPERATES WITH INEXPENSIVE SINGLE 
CONTACT KEYPAD 

a CAPABLE OF BATTERY-LESS OPERATION. 
LOW POWER CMOS PROCESS ALLOWS DI- 
RECT OPERATION FROM TELEPHONE 


ORDER CODE : M3541B 


| LINES 
PIN CONNECTION 
IMP 1 
SELECT 2 
DESCRIPTION MASK 3 
The M3541 is a keypad switchable LD/DTMF dialer OSC DUT 4 
devices designed for use in low cost, dual dialing 
mode telephone instruments. It is suitable for sen- OSC IN S 
ding telephone numbers without limit and an on-chip ST TIN CIs 
memory allows numbers of up 32 digits to be retai- 
ned for redialling later. The low power CMOS de- FILTOUT ? 
sign allows the number in the memory to be main- HSW 8 
S 


tained indefinitely (until overwritten) by a minimal USS 
current leaked from the telephone line. A particular 

feature of this device is the facility for the user to UDD 
switch dialling mode from LD to DTMF via the key- 
pad during the course of a call. This is intended for 
uses such as home banking, access to long di- 
stance trunk service, credit card verificatios and . 
other applications which require data to be sent at 
low speed once a connection has been established. 


ay 
@ 
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ABSOLUTE MAXIMUM RATINGS 


Stes) ere 
| Min. | Typ. | Max. | 
- | Supply Voltage Voo - Ves Pos | | 65 | v_ 
Voltage on any Pin Except HSW Vss — 0.3 Vop + 0.3 V 
Voltage on any Pin HSW (current limited to < 100A) Vss — 0.3 V 


Current at any Pin Except FILTOUT and FILTIN +1 mA 
Current at Pin FILTIN 0.1 ImA 
0 mA 

Operating Temperature - 10 + 55 °C 

Storage Temperature — 55 + 125 °C 


Current at Pin FILTOUT 
* Stresses above those listed under ‘Absolute Maximum Ratings’ may cause permanent damage to the device. Thisis a 
stress rating only and functional operation of the device at these or any other condition above those indicated in the opera- 
tional sections of this specification is not implied. Exposure to absolute maximum ratings for extended periods may affect 
device reliability. 


D. C. ELECTRICAL CHARACTERISTICS 
(at 2.5V, 25°C unless otherwise stated 


) 
Symbol Parameter , 
Supply Voltage - Off-hook 2.5 
Supply Voltage - On-hook 2.0 


Supply Current - On-hook at 2.0V 
Supply Current - Off-hook (idle) 


Supply Current - MF tone sending 
Supply Current - LD impulsing 


Hookswitch Input - On-hook 
Hookswitch Input - Off-hook 


_MASK, MUTE and IMP Outputs, Load — imA 
MASK, MUTE and IMP Outputs, Load + 1mA 


MF OUT D.C. Level During Tone Sending 
MF OUT Output Resistance 


Darlington Pair Current Gain at 
le = 100nA, Voce = 2V 


A. C. ELECTRICAL CHARACTERISTICS 
(at Vop = 2.5V, 25°C unless otherwise stated) 


Tone Amplitude Low Group 
Tone Amplitude High Group 


} no Load 


Ratio of High to Low Group Amplitude 


Total Harmonic Distortion:0- 4kHz 
0- 10kHz 
O- 50kHz 
0-200 kHz 
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PIN FUNCTIONS 


Connections for 16 Buttons, Single Contact Keyboard 


| Von —__ Positive Supply _ 
| Vss____|_ Negative Supply 
SELECT LD/MF Selection, IDP and B/M Ratio Programming 


| SELECT 

Hookswitch. A logic '1' ee at this ala is used to indidcate 'off-hook’. 
[MASK | Output to cisable speech circuit during pulse dialing and recall (see note 4). ——| 
| _IMP__| “Loop Disconnect’ Dialing Output 


Bicone L Unity Gain Amplifier Input and Output for 2-pole Filter 
FILTIN 
MUTE Output Active During Keying and Tone Transmission (see note 2) 


Notes : 1. The MASK output may be used to disconnect the whole speech circuit in order to maintain the break condition whilst on-hook, du- 
ring a TBR (Timed Flash) operation or for LD dialling. 
2. The MUTE output is provided to disable the microphone while maintaining the loop condition during DTMF transmission. 


KEYPAD OPERATION KEYPAD FORMAT 


The device will accept keypad inputs only in the off- C1 C2 C3 CA 
hook’ condition when the key is pressed for more 
than 14ms. Any key pressed during the ‘on-hook’ 
condition will be ignored and the oscillator inhibited. 
This ensures that the current drain ’on-hook’ is low 
and used only for memory retention. 


MEGNIS41-82 


LNR = Redial digits in "LNR"store 
TBR = Timed Break Recall (timed flash) 
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LD/DTMF MODE SELECTION 


The initial dialling mode after the telephone goes off-hook is determined as follows : 


DTMF - Connect SELECT pin to Vop 


LD - Connect SELECT 
pin to: 


Tip [Bit Ratio 


KEYPAD LD/DTMF MODE CHANGE 


If the initial dialling mode is LD, pressing either the * 
or # key will cause all subsequently entered digits to 
be dialled in DTMF. The first press of either * or # 
will not cause a digit to be dialled, but once in MF 
mode, pressing * or # will cause the appropriate tone 
pair to be transmitted. 


Figure 1. 


LD dialling is at 10 i.p.s. for all options 


If the TBR (Timed Flash) key is pressed, or an Earth 
Loop Recall operation is signalled to the chip, fur- 
ther dialling is set to the initial mode. 


In order to signal an ELR operation to the chip, the 
following configuration should be adopted : 


MNEGNIS41-83 


LAST NUMBER REDIAL 


The function of the Last Number Redial store is to 
automatically retain the last number dialled so that 
it can be redialled later simply by pressing the LNR 
key. Either LD or MF numbers will be retained in the 
store. When numbers containing an LD part follo- 
wed by an MF part are dialled, only the LD part will 
be retained in order that security codes, etc., dialled 
in MF are not automatically stored. 


To redial a number, go off-hook and press LNR 


once. Alternatively, digits may be keyed manually 
before LNR is pressed. If the digits keyed corres- 
pond with the first digits in the LNR store, the remai- 
ning digits will be automatically redialled when LNR 
is pressed (this feature allows manual keying of an 
access code followed by a pause before dialling out 
the rest of the number). If, however, a digit is keyed 
which differs from the corresponding digit in the sto- 
red number, then redialling is inhibited. 
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HOOKSWITCH OPERATION 


The hookswitch input is used to inform the M3541 
of whether the telephone is on- or off-hook. When 
the telephone is on-hook the M3541 will adopt a sta- 
tic low power mode in which dialling functions are 
inhibited and only a minimal current is consumed to 
maintain the store contents. 


The M3541 recognizes the on-hook condition when 
the hookswitch input (HSW) goes from logic 1’ (the 
off-hook condition) to logic ‘0’ for greater than 
300ms. Short line voltage interruptions of less than 
200ms, such as those created by the exchange du- 
ring connection, will not be recognized by the M3541 
as an on-hook indication. 


The MASK output will go to logic ’0’ instantly when- 
ever, and for as long as, the hookswitch input is at 
logic ’0’ in order to disconnect the speech circuit. 


ky SGS-THOMSON 


M3541 


This conserves current so that the store contents 
are not lost. 


POWER-ON RESET 


A Power-on Reset is internally generated when po- 
wer is applied to the chip and causes the number 
store to be cleared. 


LOOP DISCONNECT MODE 


In this mode the MASK output is used to disable the 
speech circuit during dialling. The MASK output is 
logic ’0’ during impulsing and interdigit pauses. 
The IMP output signals a break to line when at logic 
’0’ (VSS). Make periods and I.D.P. times are signal- 
led by logic ‘1’ on the output. During the non-dialling 
period the impulsing output is at logic ’0’. Timing of 
the output is shown below. 
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Figure 2. : Timing Diagram 
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Figure 3. : Timing Data 
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ti = Pre-digit pause (=ts) 

te = Break period (60ms or 67ms) 

ts = Make period (40ms or 33ms) 

ts = Post-digit make (= ts) 

ts = Inter-digit pause (500 or 800ms) 


mo ses-THOMSON 
4 icRogLectRoMCs 


a 


M3541 


DTMF MODE 


The MUTE output goes to logic ‘1’. when a key is ac- tone transmission. 
tivated and remains active for the duration of the = The tone rate willbe 100ms on, 100ms off minimum. 


TONE FREQUENCIES 


| Keypad | Ra | ct | ce | cs 


Nominal Frequency (Hz) | 42 — 941 1209 1336 1477 
Deviation from Nominal (%) | -— 0.07 — 0.10 — 0.19 — 0.15 — 0.17 — 0.20 — 0.22 
There will be an additional error due to the deviation of the oscillator frequency from 560KHz. 


Figure 4 : Timing Diagram. 
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TONE OUTPUT 


Facility has been made for tone filtering as shown 
below. This also allows the user to adjust tone am- 
plitudes as required. The tone amplitude is propor- 


Figure 5. 
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TYPICAL VALUES 
Ri = 56kQ 
Re = 56kQ 
Re + Ra = 10kQ 
Cy = 1.3nF 
C2 = 470pF 


tional to the chip supply voltage, Vpp, and can be 
adjusted by changing the ratio of R3 and R4. 


Kb 


OUTPUT 


The filter components shown have been chosen to give a second order Butterworth response with a cut-off frequency of 


about 3.5KHz. The pass-band insertion loss is nominally 0.5dB. 


DTMF APPLICATION CIRCUITS 


The DTMF circuit in figure 6 uses a constant current 
supply and a 2.5V reference diode to produce the 
stabilised supply voltage which determines the MF 
tone level of the M3541. If the speech circuit pro- 
vides.a stabilised voltage, then figure 7 shows how 


it may be used to power the M3541. Diode D1 pre- 
vents the speech circuit from taking current whilst 
the telephone is on-hook, and D2 compensates for 
the voltage dropped across D1 when off-hook. 
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Figure 6. 


Figure 7. 
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SWITCHABLE LD/MF APPLICATION CIRCUITS 


The circuit in figure 8 uses a constant current sup- 
ply to take current from the telephone line which is 
used to power the M3541. The 2.5V reference diode 
produces a stabilised supply voltage which deter- 
mines the MF tone level of the M3541. 


In figure 9, a stabilising voltage from the speech is 
used to supply the M3541 during MF dialling to give 
accurate tone levels. 


Figure 8. 
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The M3541 is powered via the 150K resistor during 
TBR operations and LD dialling breaks, and via Q1 
during dialling makes. This configuration minimises 
the component count at the expense of allowing a - 
leakage current of about 450uA during dialling 
breaks. The 47uF reservoir capacitor maintains and 
smooths the supply to the chip. 
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Figure 9. 
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| SINGLE NUMBER PULSE TONE SWITCHABLE DIALER 


=» STAND-ALONE DTMF AND PULSE SIGNA- 
LING 

» RECALL OF LAST NUMBER DIALED (up to 
28 digits long) 

a FORM-A AND 2-of -7 KEYBOARD INTERFACE 

=» PACIFIER TONE 

» POWERED FROM TELEPHONE LINE, LOW 
OPERATING VOLTAGE FOR LONG LOOP AP- 
PLICATIONS 


DESCRIPTION 


The MK5370 is a Silicon Gate CMOS IC that pro- 
vides necessary signals for either DTMF or loop dis- 
connect (pulse) dialing. The MK5370 buffers up to 
28 digits into memory that can be later redialed with 
’ asingle key input. This memory capacity is sufficient 
for local, long distance, overseas, and even compu- 
terized long-haul networks. Users can store all 12 
signaling keys and redial them using either the *or 
# as the first key entry after going off-hook. 


KEYPAD CONFIGURATION 


NEBNKS37E-81 


ABSOLUTE MAXIMUM RATINGS * 


Parameter 


DC Supply Voltage 
Operating Temperature 


Storage Temperature 
Maximum Power Dissipation (25 °C) 
Maximum Voltage on any Pin 


November 1988 


ORDER CODE : MK5370N00 


A *or # key input automatically redials the last num- 
ber dialed if it is the first key entered after a transi- 
tion from on-hook to off-hook (HKS input switched 
from a high to low logic level). Auto-dialing is mo- 
mentarily interrupted (during interdigital pause pe- 
riod or intersignal period) while manual keys are de- 
pressed, however these inputs are not stored into 
memory. 


PIN CONNECTION (top view) 


es 
ee C 


(V+) + 0.3, (V-) - 0.3 
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ELECTRICAL OPERATING CHARACTERISTICS 
* All specifications are for 2.5 Volt operation and full operating temperature range unless 
otherwwise stated. 


DC CHARACTERISTICS 


[we [Symbol] ———Saremeter —————S~S~*d in. | Typ. [ Max, | Unit [Notes] 
[| ve [B6 Operating Votage (al tuncions) =i 2s | feo tv |_| 
TVine | Memory Retention Voiage ——SSSOSCSC~—~s tw | 
[te | stancby curren SSCSC~—SsS~SSSCit ow tw a 
ins | Memory Retention Curent’ SSCS ot ars Pv [8 
Faure [ Mute Output Operating Votage——SSCSC~=~s tw | 
— 7 


[Tn wite Oui Sk Coren ve 225) a 
Ties [Puse Output Sine Curent Sid A 
[ise ester Tone Suiiiouee Tana aes 
[| kau | Keypad Putrup Resistance) ————SSSCSC~dCSCS 

[Tao | Keypad Pulldown Resistance —SSCS*dSC 

[| va [ keypad inputuevetiow———SSSCSC~=~“~‘~d 
[Vin [keypad input uevertigh dors 


Notes: 1. All inputs unloaded Quiescent Mode (oscillator off). 

2. All outputs unloaded single key input. 

3. Vour = 0.4 Volts 

4. Sink Current for Vout = 0.5 volts. Source Current for Vout = 20 Volts. 
5 

6 


. Memory Retention Voltage is the point where memory is guaranteed but circuit operation is not. 
. Propermemory retention is guaranteed if either the minimum Ivr is provided or the minimum Vur. The design does not have to pro- 
vide both the minimum current or voltage simultaneously. 
7. Minimum supply voltage where activation of mute output with key entry is ensured. 


| AC CHARACTERISTICS — KEYDAP INPUTS, PACIFIER TONE 


[Ne [Symbol] _——~—~S=SiParameter——~S*~*d in. | Typ. [ Max | Unit [Note 
[a | Teo | Keypad DebounceTime —SSCS=~<—~Ss~sSC‘i Tl | 
[= [Fes | Keypad Scan Frequency —=—SSS~CSsSC‘d |e 
[= [ta | Two Key Rolover Time OSS 


[= [Fer | Frequency patter Tone ——SSCS~S~—~—TSC*d Bde | 
[4 | Tor Paciier Tone Buraion SSS oo | 


Notes : 1. Crystal oscillator accuracy directly affects these times. 


AC CHARACTERISTICS — PULSE MODE OPERATION 


[we [Symbol] Parameter _————~d Min. | Typ. [ Max. | Unit [Notes 
=| Pa [Puree SSCSC—“CSsS“—SsSs“—sS*sé~sSC~iS sds 
[~s_| por | Preaigtal pase SSSCS~S~“—~S~SSC‘d CO 
[6 | wr | inerdgtal Pause —SSCSCS~S~S~SSC*id 
[7 [Tuo | Mute Overap Time ——SSOS—~—~—S—SSCid 
s | te [prextine SsC“‘~“CS~“‘“~rdSCS~* 


Notes: 1. 10 PPS is the nominal rate. 
2. Figure 5 illustrates this relationship. 
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ELECTRICAL OPERATING CHARACTERISTICS (continued) 
AC CHARACTERISTICS — TONE MODE 


Tone Output No Key Down 


To Tone Output (dependent re 


Ta] 

read 

rere | 

[=| Pes | Pre-emphasis, High Bend ——SSSCS~=~d 
[=~ Bea | Tone Output 00 Bias (Vea25)S*d 
eee 
eae ee se T 
cea : 
zai 
ae 


a 
-12 
[te ee | 


p04 | 40 | ms | 6 
| 50 | 80 | % | 3 | 


: 


Inter-signal Delay 


Notes : 1. 0dBm equals 1mW power into 600 ohms or 775 mVolts. 
Important Note : The mk5370 is designed to drive a 10 Kohms load. The 600 ohms load is only for reference. 
. Single tone (low group). varies when used in subscriber set. 


ak N oe 
Ojwl/~jr 
ai, 

nN 


. Supply voltage ? 2.5 to 6 Volts. Re-10 kohms. 


. Supply voltage = 2.5 Volts. These specifications are supply-dependent. ; 
. Time from beginning of tone output wavefform to 90 % of final magnitude of either frequency Crystal parameters suggested for pro- 
per operation are Rs = 1000 ohms Lm=96 MH Cm- 0.2 pF Cm= 5pF f =3.579545 MHz and C; = 18 pF. 


2 
3 
4. Re=10Kohms. 
5 
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7. Time from initial key input until beginning of signaling. 


FUNCTIONAL DESCRIPTION 
V+ 


Pin 1. V+ is the positive supply for the circuit and 
must meet the maximum and minimum voltage re- 
quirements. (see Electrical Specifications). 


MODE/TEST 


Input. Pin 2. MODE/TEST determines the dialer’s 
default operating mode. When the device is powe- 
red up or the hookswitch input is switched from on- 
hook (V+) to off-hook (V—) the default determines 
the signaling mode. A V+ connection selects to 
pulse mode operation. 


Pin 2 also forces the device into test mode. 

Ci, C2, C3, R4, R3, R2, R1 

Keyboard Input. Pins 3, 4, 5, 13, 14, 15, 16. The 
MK5370 interfaces with either the standard 2-of-7 


with negative common or the inexpensive single- 
contract (Form A) keyboard. 


A valid keypad entry is either a single Row connec- 
ted to asingle Column or V— simultaneously presen- 
ted to both a single Row and Column. In its quies- 
cent or standby state, during normal off-hook ope- 


” 


ration, either the Rows or the Columns are at a lo- 
gic level 1 (V+). Pulling one input low enables the 
on-chip oscillator to begin scanning the keypad. 
Scanning consists of Rows and Columns alternate- 
ly switching high through on-chip pull-ups. 

After both a Row and Column key have been detec- 
ted, the debounce counter is enabled and any noise 
(bouncing contacts, etc.) is ignored for a debounce 
period (Tdb) of 32 ms. At this time, the keyboard is 
sampled and if both Row and Column information 
are valid, the information is buffered into the LND lIo- 
cation. If switched on-hook (pin 17 to pin 1), the key- 
board inputs all pull high through on-chip pull-up re- 
sistors. 


IC - 
Input. Pin 9 Internal connection. This pin should be 
left during for normal operation. 

V-— 


Input. Pin 6 is the negative supply input to the de- 
vice. This is the voltage reference for all specifica- 
tions. 


\ 
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OSC1; OSC2 


Input/Output. Pins 7,8. OSC1 and OSC2 are inputs 
to an on-chip inverter used as the timing reference 
for the circuit. It has sufficient loop gain to oscillate 
when ‘used with a low-cost television color-burst 
crystal. The nominal crystal frequency is 
3.579545 MHz and any deviation from this standard 
is directly reflected in the Tone output frequencies. 
The crystal oscillator provides the time reference for 
all circuit functions. . ae 


DTMF OUTPUT 


Output. Pin 10. An NPN transistor emitter with a col- 
lector tied to V+ drives the DTIMF OUTPUT pin. The 
transistor base is connected to an on-chip operatio- 
nal amplifier that mixes the Row and Column tones. 
Figure 4 shows the timing at this pin. 


The DTMF OUTPUT is the summation of a single 
Row frequency and a single Column frequency. A 
typical single tone sine wave is shown in Figure 1. 
This waveform is synthesized using a resistor tree 
with sinusoidally weighted taps. 


The MK5370 is designed to operate from a regula- 
ted supply and the row (low group) TONE LEVEL is 
related to this supply by either of the following equa- 
tions : 
Toi = 20 LOG [(0.0776 V+) / 0.775] dBm 

Toi = 0.0776 (V+) VRMS ~ 
The DC component of the DTMF output while ac- 
tive is described by the following equation : 

Voc1 = 0.66 V +—0.6 Volts 


Figure 1 : Single Tone. - 
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PACIFIER TONE OUTPUT 


Output. Pin 11. A 500 Hz square wave is activated 
on pin 11 upon acceptance of a valid key input, af- 
ter the 32 ms debounce time. The square.wave ter- 
minates after a maximum of 30 ms or when the va- 
lid key is no longer present. In pulse mode, all key 
entries activate the pacifier tone. In tone mode, on- 
ly a redial entry activates the pacifier tone. The pa- 
cifier tone provides audible feedback, confirming 
that the key has been properly entered and accep- 
ted. 


Figure 2: Dual Tone. 


Figure 3 : Spectral Reponse. 


MAKER 700.0 Hz 
RANGE 398mV 191 mv 


REF 398 mV 


10 dB/DIV 


START .0 Hz 
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MUTE? 


Output. Pin 12. This pin is the Mute Output for both 
tone and pulse modes. Timing is dependent upon 
mode. 


The output consists of an open drain N-channel de- 
vice. During standby, the output is high impedance 
and generally has an external pull- up resistor to the 
‘positive supply. 


In tone mode, MUTE1 removes the transmitter and 
the receiver from the_network during DTMF signa- 
ling. During dialing, MUTE1 is active continuously 
until dialing is completed. 


In pulse mode, MUTE1 removes the receiver or the 
network from the line. Different circuitry is required 
for tone and pulse muting external to the IC and ap- 
plications using_both modes would not necessarily 
share circuitry. MUTE1 timing is shown in Figure 5 
for pulse mode signaling and Figure 4 for tone mode 
signaling. 


HKS 


Input. Pin 17. Pin 17 is the hookswitch input to the 
MK5370. This is a high-impedance input and must 
be switched high for on-hook operation or low for 
off-hook operation. A transition on this input causes 
the on-chip logic to initialize, terminating any opera- 


- tionin progress at the time. The signaling mode de- . 


faults to the mode selected at pin 2. 


PULSE OUTPUT 


Output. Pin 18. This pin has a dual function deter- 
mined by the dialing mode selected. In Pulse Mode, 
the pin is an output consisting of an open drain N- 
channel device with zener protection. The break ti- 
ming at this output meets Bell Telephone and EIA 
specifications for loop disconnect signaling. Fi- 
gure 4 shows this timing. 


Table 1 : DTMF Output Frequency. 


DEVICE OPERATION (tone mode) 

When the MK5370 is not actively dialing, it 
consumes very little current. While on-hook, all key- 
pad input pins are pulled high. Key entries are not 
recognized unless they utilize a keypad common 
connection to force the respective Row and Column 
inputs low. These inputs assume opposite states 
off-hook. The circuit verifies that a valid key has © 
been entered by alternately scanning the Row and 
Column inputs. If the input is still valid following 
32 nis of debounce, the digit is stored into memory, 
and dialing begins after a pre-signal delay of 100 
ms. Each digit buffered into the RAM is dialed out 
with a 98 ms burst of DTMF and an intersignal time 
of 102 ms. 

One important feature of the dialer is its ability to 
buffer data into the RAM before signaling. This fea- 
ture allows less expensive keyboards to be used be- 
Cause signal distortion and double digit entry cau- 
sed by bouncing and bounding of the keypad are 
eliminated. This design also ensures that data sto- 
red in the buffer exactly matches the digits actually 
dialed. 


NORMAL DIALING (off-hook) 


DIGIT 1 DIGIT 2 DIGIT 2 


Normal dialing is straightforward, all keyboard en- 
tries will be stored in the buffer and signaled in suc- 
cession. 


LAST NUMBER DIALED (LND) 


LND 


Last number dialing is accomplished by entering the 
* or # key as the first entry after coming off-hook. 


Key Input Standard Frequency ~ Actual Frequency 


1215.9 
1331.7 


"1471.9 


6/9 
ae f SGS-THOMSO 
\/ A ee eras 


80 


MK5370 


Figure 4 : Tone Mode Timing. 
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Figure 6 : Pulse and Tone Mode Timing. 
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TYPICAL APPLICATION 


The MK5370 Pulse Tone dialer provides both cost- 
effective telephone-line interface and the logic re- 
quired for DTMF (Tone) and Loop Disconnect 
(Pulse) signaling. 


Pulse dialing originated with the rotary dial tele- 
phone. The MK5370 Pulse Tone dialer provides the 
same capability as the rotary dial telephone and the 
convenience of pushbutton entry. The subscriber 
set (telephone) is powered by loop current supplied 
by the telephone company. Signaling, in Pulse 
- Mode, is accomplished by repeatedly interrupting 
the low current. The central office senses, times, 
and counts each line "break" the number of 
breaks corresponds to the digit dialed. The duration 
of the break period, the dialing rate, and the sepa- 
ration between consecutive digits (IDP time) are 
controlled by the Pulse Tone dialer IC. Loop discon- 
nect dialing is nearly a world-standard concept. 


DTMF signaling consists of modulating the tele- 
phone line with a signal comprised of two fundamen- 
tal frequencies. Each frequency pair represents one 
of sixteen possible digit (or key) entries. Twelve of 
these frequency pairs are commonly used (0, 1, 2, 
wy #). The MK5370 Pulse Tone dialer provides 
DTMF signalling capability controlling signal dura- 
tion, separation, level, and rate. 


The typical application circuit in Figure 7 illustrates 
one way the Pulse Tone dialer can be used. The 


2 


pulse output provides the signal to break the line to 
transistor Q3. Q3 switches off, eliminating the base 
current to Q4, which also switches off. The majority 
of the loop current is then eliminated, resulting in a 
break condition. The IC dialer must be protected 
from large voltage fluctuations, such as that caused 
by interrupting the loop current. Transistor Q1 along 
with R2, C1, and Z1 regulate the voltage to the dia- 
ler. The Mute Output signal is active while signalling 
each digit to mute popping noises at the receiver 
(earpiece or speaker). 


The DTMF tone output drives the base of Q8, which 
modulates the line. The tone level at tip and ring is 
determined by the effective impedance of the tele- 
phone line and the speech network. 


Mode of operation is controlled by switch S1 (which 
sets the default dialing mode). 


Resistor R1 provides a small memory-retention bias 
current to prevent the device from powering down 
while on hook. The current required for long term 
memory retention is less than 1pA. 


A ceramic sounder can also be interfaced to pin 11 
(PACIFIER TONE) of the device. A pacifier tone si- 
gnal is activated for each key entry in pulse mode. 
This feature provides an audible indication for each 
valid key entry. Keys may be entered faster than the 
maximum signalling rate allows. Audible feedback 


confirms proper key entry. 
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MK5371 


SINGLE NUMBER PULSE TONE SWITCHABLE DIALER 


m STAND-ALONE DTMF AND PULSE SIGNA- 
LING 

a SOFTSWITCH AUTOMATICALLY SWITCHES 
SIGNALING MODE 

m RECALL OF LAST NUMBER DIALED (UP TO 
28 DIGITS LONG) 

=» FLASH KEY INPUT INITIATES TIMED HOOK 
FLASH 

a MICROPROCESSOR INTERFACE (BDC IN- 
PUTS) FOR SMART TELEPHONES 

» TIMED PABX PAUSE 

a FORM-AAND 2-OF-8 KEYBOARD INTERFACE 

a PACIFIER TONE 

» POWERED FROM TELEPHONE LINE, LOW 
OPERATING VOLTAGE FOR LONG LOOP AP- 
PLICATIONS 


DESCRIPTION 


The MK5371 is a monolithic, integrated circuit ma- 
nufactured using Silicon Gate CMOS process. 
These circuits provide necessary signals for either 
DTMF or loop disconnect (Pulse) dialing. The 
MK5371 buffers up to 28 digits into memory that can 
be later redialed with a single key input. This memo- 
ry capacity is sufficient for local, long distance, over- 
seas, and even computerized long-haul networks. 
Users can store all 12 signaling keys and access se- 
veral unique special functions with single key en- 
tries. These functions include : Last Number Dialed 
(LND), Softswitch (Mode), Flash, and Pause. 


ALND key input automatically redials the last num- 
ber dialed. Keys entered during auto-dialing se- 
quence will not be stored or dialed. However, auto- 
dialing is momentarily interrupted (during interdigi- 
tal pause period or intersignal period) while manual 
keys are depressed. 


The mode key simplifies the process of alternating 
dialing modes. This input automatically toggles the 
immediate dialing mode. The function is also stored 
in memory. During auto-redial, the signaling mode 
is toggled each time the Mode code appears in the 
digit sequence. The signaling mode always defaults 
to the mode selected (hardwire or switch) at Pin 2 
(MODE) after a Power-Up-Clear initialization or a 
transition from on-hook to off-hook (HKS input swit- 
ched from a high to low logic level). Switching modes 
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through Pin 2 toggles the immediate dialing mode 
and changes the default, but it is not stored in me- 
mory. 

Two features simplify PABX dialing. The pause key 
stores a timed pause in the number sequence. Re- 
dial is then delayed until an outside line can be ac-- 
cessed or some other activity occurs before normal 
signaling resumes. The Flash key simulates a hook 
flash to transfer calls or to activate other special fea- 
tures provided by the PABX or a central office. The 
MK5371 ensures exact timing for the hook flash. 


In addition to interfacing with standard keypads, the 
MK5377 also accepts parallel BCD inputs. This fea- 
ture simplifies interfacing a microprocessor-based 
design to the telephone line. The MK5371 buffers 
28 bytes of information, including special functions. 
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PIN CONNECTION 


87] BULSE OUTPUT 


MUTE? . 

11[] PACIFIER TONE/BCD 
MODF 

10L} DTMF OUTPUT 
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ABSOLUTE MAXIMUM RATINGS 


Parameter tate nit 
DC Supply Voltage a ee 


* Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating on- _ 
ly and functional operation of the device at these or any other conditions above those indicated in the operating sections of this specification is 
not implied. Exposure to absolute maximum rating conditions for extended periods may affect device rehability. 


ELECTRICAL OPERATING CHARACTERISTICS 
(all specifications are for 2.5 Volt operation and full operating temperature range unless otherwise stated) 


DC CHARACTERISTICS 


| lex_| Pulse Output Sink Current, to | 20 | | mA 8 
| lec | Pacifier Tone Sink/Source | 250 | SD | | WA | 4 
| Kru | Keypad Pullup Resistance | too | ke | 
| Kro | keypad Pulldown Resistance | 0 | | | 
| Vi_| BCD/Keypad input Leve-ow | | fos] vv | 
| Vin | BCDKeypad Input Leve-high fe] |! | VT 


Notes: 1. All inputs unloaded. Quiescent Mode (oscillator off). V+ 2.5 V. 

. All outputs unloaded. Single key input. 

Vout 0.5 Volts. V- 2.5 V. 

Sink Current for Vour 0.5. Source Current for Vout 2.0 Volts. 

Memory Retention Voltage is the point where memory is guaranteed but circuit operation is not. 

Proper memory retention is guaranteed if either the minimum Imp is provided or the minimum Vr. The design does not have to pro- 
vide both the minimum current or voltage simultaneously. 


AC CHARACTERISTICS - PULSE MODE OPERATION 


Symbol] Parameter | Min, | Typ. | Max. | Unit [Notes 
| Pa [PuseRate Tt rs | 
[Teor | PredigitalPause Tm | ot 
| Tor | InterdigitalPause Tt 84 | ms Tt 
| Two | MuteQveriapTime Ts | ot 
| Ts [BreakTime co ms | et 


Note: 1. Figure 6 illustrates this relationship. 
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ELECTRICAL OPERATING CHARACTERISTICS (continued) 
AC CHARACTERISTICS - KEYPAD INPUTS, PACIFIER TONE 


Symbol 
| Tkp Keypad Debounce Time 


Tkp 
slr tes 
Tst 
Tss 


am aL 
N N 


nN 


1/sec 


Oe 
[Tes [Strobe Separaion SSCS 


Notes: 1. Crystal oscillator accuracy directly affects these times. 
2. Figure 1 illustrates this timing relationship. 


AC CHARACTERISTICS - TONE MODE 


[Symbol 
| oT NK Tone Output No Key Down 


Tk 
Tone Output (dependent) 
DCq 


nN — 
ie) |< 
co 
(ep) _— 
=) 
2 > 


nNInln 


= | 
|S 
© ww 


a | =| 
& po TS 
w |r ! 
. 
3a 
<UW 
3 3 
yn 
—_, 
Gis 
nN 


4 
ine) 
<[8 
a 


. 

, 
| Re | Tone OutputLoad 
| Tris_| Tone OutputRiseTime | ot | 0 | ms | | 
| DIS | Output Distortion 5 8 | | 8 
| TR | ToneSignaingRate 8 | tise | 
| Teso | PresignalDelay | to | ms | 
| Tiso | intersignalDelay Tf to | ms | 


Notes : 1. OdBm equals 1 mW power into 600 ohms (775 mVolts). Important Note : The MK5371 is designed to drive a 10 kohm load. 
The 600 ohm load is only for reference. 

2. Single tone (low group). 
. Supply voltage = 2.5 to 6 Volts. Re = 10 kohms. 
Re = 10 kohms. V+ = 2.5 Volts. : 
. Supply voltage = 2.5 Volts. These specifications are supply-dependent. 
. Time from beginning of tone output waveform to 90 % of final magnitude of eitheir frequency. Crystal parameters suggested for pro- 
per operation are Rs < 100 Q. Lm = 96 MH. Cm = 0.02 pF. Cn = 5 pF. f = 3.579545 MHz and C, = 18 pF. 
. Time from Mute active to beginning of signaling. 
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FUNCTIONAL DESCRIPTION 
The following pin descriptions are numbered accor- MODE 


ding to the 24-pin package. Pin numbers forthe 18- —|nnut. Pin 2. MODE determines the dialer’s default 
pin version are listed in parenthesis under each pin operating mode. When the device is powered up or 
name. the hookswitch input is switched from on-hook, (V+), 
V4 to off-hook, (V—), the default determines the signa- 
- ext ling mode. A V+ connection defaults to Tone Mode 
Pin 1. V+ is the positive supply for the circuit and — gperation and a V—.connection defaults to Pulse 
must meet the maximum and minimum voltage re- Mode operation. 
quirements. (see Electrical Specifications). | 
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A Softswitch (Mode) code entered in a number se- 
quence can temporarily modify the signaling mode. 
After encountering a first Softswitch code in a num- 
ber sequence, the Signaling Mode toggles and is 
opposite the default determined by Pin 2. A second 
Softswitch toggles the Signaling Mode a second 
time, returning the mode back to the default condi- 
tion. Note that the Softswitch code performs a tog- 
gle function on the default state ; switching the state 
of Pin 2 while dialing changes the default state as 
well as the immediate signaling mode. 


C1/STROBE, C2, C3, C4, R4, R3, R2, R1 


Keyboard input. Pins 3, 4, 5, 9, 13, 14, 15, 16. The 
MK5371 interfaces with standard keypads as well 
as a microprocessor-driven 4-bit bus. 


A valid keypad entry is either a single Row connec- 
ted to a single Column or V— simultaneously pre- 
sented to both.a single Row and Column. In its 
quiescent or standby state, during normal off-hook 
operation, either the Rows or the Columns are ata 
logic level 1 (V+). Pulling one input low enables the 
on-chip oscillator. Keyboard scanning then begins. 
Scanning consists of Rows and Columns alternate- 
ly switching high through on-chip pullups. After both 
a Row and Column key have been detected, the de- 
bounce counter is enabled and any noise (boucing 
contacts, etc.) is ignored for a debounce period 
(Tdb) of 32 ms. At this time, the keyboard is sam- 
pled and if both Row and Column information is va- 
lid, the information is buffered into the LND location. 
If switched on-hook, the keyboard inputs all pull high 
through on-chip pull-up resistors. Information may 
still be entered into memory but it is not signaled and 
the keyboard scan is disabled. If users desire to en- 
ter data while on-hook, a 2-of-8 keypad with nega- 
tive common is required. 


A key entry during LND interrupts the sequence 
when it reaches the redial period until the key is re- 
leased. Dialing then resumes. The key entered is 
not stored or dialed. 


Table 1 : Binary Input Codes. 


.?) 


The keyboard inputs become high impedance when 
the Binary Input Mode is selected. As shown in Ta- 
ble 1, Row pins become inputs for the Binary codes 
from a microprocessor in this mode. Table 1 
equates the Binary Codes to the keyboard digits and 
special functions. The C1 input pin now provides an 
input for a strobe strobe used to clock the valid 
codes into the LND buffer. Dialing proceeds at the 
specified rates. The strobe duration must be active 
for at least 2 us to ensure proper acceptance of the 
information. If the strobe remains high for longer 
than 96 ms false dialing may occur. A minimum of 
8 ms must separate each strobe. Figure 1 illustrates 
the required strobe/data timing. Valid encoded si- 
gnaling information must be present until the strobe 
goes low. Information entered during an on-hook 
operation is stored but signaling is inhibited. Chan- 
ging between BCD and keyboard mode can only oc- 
cur when the HKG input is high, or upon power-up. 
Caution, a power supply transient may be interpre- 
ted as a power-up condition, and the logic level on 
pin 11 at that time will be interpreted as a valid 
BCD/Keyboard selection. 


V- 


Input. Pin 6. Pin 6 is the negative supply input to the 
device. This is the votes reference for all specifi- 
cations. 


OSC1, OSC2 


Input/Output. Pins 7, 8. OSC1 and OSC2 are inputs 
to an on-chip inverter used as the timing reference 
for the circuit. It has sufficient loop gain to oscillate 
when used with a low-cost television color-burst 
crystal. The nominal crystal frequency is 
3.579545 MHz and any deviation from this standard 
is directly reflected in the Tone output frequencies. 
The crystal oscillator provides the time reference for 
all circuit functions. 
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Figure 1 : BCD Mode Strobe Interface Timing. 
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DTMF OUTPUT 


Output. Pin 10. An NPN transistor emitter with a col- 
lector tied to V+ drives the DTIMF OUTPUT pin. The 
transistor base is connected to an on-chip operatio- 
nal amplifier that mixes the Row and Column Tones 
together. Figure 4 shows the timing at this pin. 


ig 

' 

oe i 
PACIFIER TONE OUTPUT/BCD MODE ; pogo rey eee 
Input/Output. Pin 11. A 500 Hz square wave is ac- ee i Vag tt Hep jae 


tivated at this pin upon acceptance of a valid key in- 
put, after the 32 ms debounce time. The square 
wave terminates after a maximum of 30 ms or when 
the valid key is no longer present. In the Pulse mode 
the PACIFIER TONE is activated for all key entries. 
The PACIFIER TONE provides audible feedback, 
confirming that the key has been properly entered 
and accepted. In Tone mode, only the LND key ac- 
tivates the PACIFIER TONE. 


This pin is normally high impedance until a key is 
entered. Connecting this pin high through a resistor 
causes the circuit to accept BCD inputs through the 
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Figure 3 : Dual Tone. 


DIAL SEQUENCE ‘eo [=] [3] 


ENTER ENTER 


LJ [+] 


ENTER 


ENTER 


By 


MK5371 


Figure 4 : Spectral Reponse. 
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ROW pins. In Binary Mode, as mentioned in the key- 
board interface description, the keyboard inputs are 
all high impedance. Keypad inputs in this mode are 
not recognized. Connecting this pin low enables the 
keyboard scan circuitry, which allows entries. The 
mode of operation is selected upon power-up, and 
thereafter may only occur when HKS pin 17 is high. 


MUTE1 


Output. Pin 12. This pin is the Mute Output for both 
Tone and Pulse Modes. Timing is dependent upon 
mode. 


The output consists of an open drain N-channel de- 
vice. During standby, the output is high impedance 
and generally has an external pullup resistor to the 
positive supply. 


In Tone Mode, MUTE1 removes the transmitter and 
the receiver from the_network during DTMF signa- 
ling. During dialing, MUTE1 is active continuously 
until dialing is completed. 


In Pulse Mode, MUTE1 removes the receiver or the 
network from the line. Different circuitry is required 
for Tone and Pulse muting external to the IC and 
applications using both modes would not necessa- 
rily share circuitry. MUTE1 timing is shown in Figure 
6 for Pulse Mode signaling and Figure 5 for Tone 
Mode signaling. 


HKS 


Input. Pin 17. Pin 17 is the hookswitch input to the 
MK5372. This is a high impedance input and must 
be switched high for on-hook operation or low for 
off-hook operation. A transition on this input causes 
the on-chip logic to initialize, terminating any opera- 
tion in progress at the time. The signaling mode de- 
faults to the mode selected at Pin 2. 


PULSE OUTPUT 


Output. Pin 18. This pin has a dual function deter- 
mined by the dialing mode selected. In Pulse Mode, 
the pin is an output consisting of an open drain N- 
channel device with zener protection. The break ti- 
ming at this output meets Bell Telephone and EIA 
specifications for loop disconnect signaling. The 
Make/Break ratio is not user selectable in the 18-pin 
version. PULSE OUTPUT also provides the break 
timing for the hook flash function. Figure 6 shows 
this timing. 


DEVICE OPERATION (Tone Mode) 


When the MK5371 is not actively dialing, it 
consumes very little current. While on-hook, all key- 


pad input pins are pulled high. Key entries are not 
recognized unless they utilize a keypad common 
connection to force the respective Row and Column 
inputs low. These inputs assume opposite, states 
off-hook. The circuit verifies that a valid key has 
been entered by alternately scanning the Row and 
Column inputs. If the input is still valid following 
32 ms of debounce, the digit is stored into memory, 
the Mute Output is activated, and dialing begins af- 
ter a pre-signal delay of 100 ms. Each digit buffered 
into the RAM is dialed out with a 98 ms burst of 
DTMF and an intersignal time of 102 ms. 


One important feature of the dialer is its ability to 
buffer data into the RAM before signaling. This fea- 
ture allows less expensive keyboards to be used be- 
cause signal distortion and double digit entry cau- 
sed by bouncing and bounding of the keypad are 
eliminated. This design also ensures that data sto- 
red in the buffer exactly matches the digits actually 
dialed. 


NORMAL DIALING (off-hoof) 


f° ite jie] = 


Normal dialing is straightforward, all keyboard en- 
tries will be stored in the buffer and signaled in suc- 
cession. 


LAST NUMBER DIALED (LND) 


LND 


Last Number Dialing is accomplished by entering 
the LND key. 


PABX PAUSE 


te lees) 


A pause may be entered into the dialed sequence 
at any point by keying in the special function key, 
Pause. Pause inserts a 1.1-second delay into the 
dialing sequence. The total delay, including pre-di- 
gital and post-digital pauses is shown in Table 3. 
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HOOK FLASH Softswitch allows the user to easily switch from 


Pulse to Tone Mode while dialing a number se- 
quence. For example, the first digits may be ente- 
Po | p> | eee red in Pulse Mode. Signaling will proceed in Pulse 
Mode until a Softswitch (Mode) entry is encounte- 


HOOK FLASH may be entered into the dialed se- red. Any subsequent digits are dialed using DIMF 
quence at any point by keying in the function key, signals. A hookswitch transition or a second Softs- 
Flash. The flash function is stored in the LND buff- witch entry returns dialing to the original Default 
er just like any other digit, but it will not be redialed, Mode. 


and acts much like Pause. The MK5371 has @ Each special function provides a built-in delay be- 
HOOK FLASH time of 600 ms. fore auto-dialing resumes. The fixed delay introdu- 
ced by the function is 1.1 seconds. In addition, the 


SOFTSWITCH fixed delay is preceded and followed by the stand- 


ard interdigital pause period that depends on the se- 
...ETC lected signaling mode. Table 3 lists the actual de- 
lays produced by each function. 


Table 3: aacasisacnhaeo Function Delay Periods. 


Pulse Mode 


1 
4 
\ 
| 
| 


_<-Funetion _ IDP + 1.1 + IDP + IDP 1.5 sec 
SOFTSWITCH IDP + 1. : + IDP 2.9 sec 1.3 sec 
FLASH 2.1 sec 2.1 sec 


Figure 6 : Pulse Mode Timing. 
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Figure 7 : Pulse And Tone Mode Timing. 
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TYPICAL APPLICATION 


The MK5371 Pulse Tone dialer provides both cost- 
effective telephone-line interface and the logic re- 
quired for DTMF (Tone) and Loop Disconnect 
(Pulse) signaling. 

Pulse dialing originated with the rotary dial tele- 
phone. The MK5371 Pulse Tone dialer provides the 
same capability as the rotary dial telephone and the 
convenience of pushbutton entry. The subscriber 
set (telephone) is powered by loop current supplied 
by the telephone company. Signaling, in Pulse 
Mode, is accomplished by repeatedly interrupting 
the loop current. The central office senses, times, 
and counts each line "break" ; the number of breaks 


DIAL DNGIT 2 


DELAY 2.1 SEC 


corresponds to the digit dialed. The duration of the 
break period, the dialing rate, and the separation be- 
tween consecutive digits (IDP time) are controlled 
by the Pulse Tone dialer IC. Loop disconnect dia- 
ling is nearly a world-standard concept. 


DTMF signalling consists of modulating the tele- 
phone line with a signal comprised of two fundamen- 
tal frequencies. Each frequency pair represents one 
of sixteen possible digit (or key) entries. Twelve of 
these frequency pairs are commonly used (0, 1, 2, 
wy) #). The MK5371 Pulse Tone dialer provides 
DTMEF signalling capability controlling signal dura- 
tion, separation, level, and rate. 
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The typical application circuit in Figure 8 illustrates 
one way the Pulse Tone dialer can be used. The 
pulse output provides the signal to break the line to 
transistor Q3. Q3 switches off, eliminating the base 


current to Q4, which also switches off. The majority 


of the loop current is then eliminated, resulting in a 
break condition. The IC dialer must be protected 
from large voltage fluctuations, such as that caused 
by interrupting the loop current. Transistor Q1 along 
with R2, C1, and Z1 regulate the voltage to the dia- 
ler. The Mute Output signal is active while signalling 
each digit to mute popping noises at the receiver 
(earpiece or speaker). 


The DTMF tone output drives the base of Q8, which 
modulates the line. The tone level at tip and ring is 
determined by the effective impedance of the tele- 
phone line and the speech network. 


Figure 8 : MK5371 Typical Application. 
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Mode of operation is controlled by switch S1 (which 
sets the default dialing mode) and the keypad. A 
change of dialing mode with a Mode (Softswitch) 
key input is stored in memory and will be repeated 
when the LND (last number dialed) feature is acti- 
vated. 


Resistor R1 provides a small memory-retention bias 
current to prevent the device from powering down 
while on hook. The current required for long term 
memory retention is less than 1 pA. 

A ceramic sounder can also be interfaced to pin 11 
(BCD/PACIFIER TONE) of the device. A pacifier 
tone signal is activated for each key entry. This fea- 
ture provides an audible indication for each valid key 
entry. Keys may be entered faster than the maxi- 
mum signalling rate allows. Audible feedback 
confirms proper key entry. 


HOOKSWITCH 
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TEN-NUMBER REPERTORY TONE/PULSE DIALER 


» CMOS TECHNOLOGY PROVIDES LOW- 
VOLTAGE OPERATION 

u CONVERTS PUSH-BUTTON INPUTS TO 
BOTH DTMF AND LOOP-DISCONNECT SI- 
GNALS 

=» STORES TEN 16-DIGIT TELEPHONE NUM- 
BERS, INCLUDING LAST NUMBER DIALED 

a» PACIFIER TONE AND PBX PAUSE 

ms LAST-NUMBER-DIALED (LND) PRIVACY 

» MANUAL AND AUTO-DIALED DIGITS MAY BE 
CASCADED 

m ABILITY TO STORE AND DIAL BOTH """ AND 
"#" DTMF SIGNALS 

a VARIABLE DIALING RATE 

mw ON-CHIP POWER-UP-CLEAR GUARANTEES 
DATA INTEGRITY 


DESCRIPTION 


The MK5375 is a monolithic, integrated circuit ma- 
nufactured using Silicon Gate CMOS process. This 
circuit provides the necessary signals for either 
DTMF or loop disconnect dialing. It also allows for 
the storage of ten telephone numbers, including as 
many as 16 digits each, in on-chip memory. 


The MK5375 accepts rapid keypad inputs (up to 25 
key entries per second) and buffers these inputs in 
the FIFO (First-In-First-Out) LND (Last-Number- 
Dialed) register. Each digit entry is accompanied by 
a pacifer tone. Which is activated after the digit has 
been debounced, decoded, and properly stored. Si- 
gnaling occurs at a rate determined by externally 
connected components, allowing the dialing rate to 
be adjusted for any system. 


PIN CONNECTION 


V+ 

MODE SELECT 
COL 1 

COL 2 


COL 3 


; V- 

RATE CONTROL 
OSC1 

Osc2 
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The flexibility of the dialer makes possible a variety 
of applications, such as "scratchpad" number sto- 
rage. In "scratchpad" applications, the MK5375 in- 
hibits signaling during entry, without interrupting a 
conversation. 

Privacy is also an important feature. The MK5375 
allows the LND (Last-Number-Dialed) buffer to be 
cleared following a call, without affecting data sto- 
red in other permanent memory locations. The me- 
mory in the permanent locations may be easily pro- 
tected from inadvertent key entries with the addition 
of a simple "memory lock" switch to the application. 


All of these options plus additional features are dis- 
cussed in more detail in the following sections. the 
first section contains a brief detailed description of 
each pin function. The second section describes the 
device operation. This is followed by the DC and AC 
Electrical Specifications, and a few application sug- 
gestions. 
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BLOCK DIAGRAM 
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FUNCTIONAL DESCRIPTION 
V+ (pin 1) 


Pin 1 is the positive supply for the circuit and must 
meet the maximum and minimum voltage require- 
ments as stated in the electrical specifications. _ 


MODE SELECT (pin 2) 


In normal operations. Pin 2 determines the signa- 
ling mode used : a logic level 1 (V+) selects Tone 
Mode operation. While a logic level 0 (V—) selects 
Pulse Mode operation. This input must be tied to 
one of the supplies to guarantee proper dialing. 


KEYBOARD INPUT : COL1, COL2, COL3, ROW4, 
ROW3, ROW2, ROW1 (pins 3, 4, 5, 13, 14, 15, 16) 
The MK5375 keypad interface allows either the 
standard 2-of-7 keyboard with negative common or 
the in-expensive single-contact (FORM-A) key- 
board to be used (Figure 1). A valid key entry is de- 
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fined by either a single Row being connected to a 
single Column or by V™ being presented to both a 
single Row and Column. In standby mode either all 
the rows will be a logic 1 (V+) and all the columns 
will be a logic 0 (V-) or vice versa. 


The keyboard interface logic detects when an input 
is pulled low and enables the RC (Rate Control) os- 
cillator and keypad scan. Scanning consists of alter- 
nately strobing the rows and columns high through 
on-chip pullups. After both valid row and column key 
closures have been detected, the debounce coun- 
ter is enabled. 


Breaks in contact continuity (bouncing contacts, 
etc.) are ignored for a debounce period (Tab) of 
32.ms. At this time the keypad is sampled, and if 
both row and column information is valid, this infor- 
mation is buffered into the LND location. 
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RATE CONTROL (pin 7) 


The Rate Control input is a single-pin RC oscillator. 
An external resistor and capacitor determine the 
rate at which signaling occurs is both Tone and 
Pulse modes. An 8 kHz oscillation provides the no- 
minal signaling rates of 10 PPS (Pulses per second) 
in Pulse Mode and 50 TPS (Tones per second) in 
Tone Mode ; the Tone duty cycle is 98 ms on, 
102 ms off. The RC values on this input can be ad- 
justed to a maximum oscillation frequency of 16 kHz 
resulting in an effective Pulse rate of 20 PPS ana 
Tone rate or 10 TPS. 


The frequency of oscillation is approximated by the 
following equation : 


Fosc = 1/ (1.49RC) (1.0) 


The value suggested for the capacitor (C) should be 
a maximum of 410 pF to guarantee the accuray of 
the oscillator. The resistor is then selected for the 
desired signaling rate. Nominal frequency (8 kHz) is 
achieved with component values of 390 pF and 
220 kohms. Parasitics must be taken into account. 


OSCIN, OSCOUT (pins 8, 9) 


Pins 8 and 9 are the input and output, respectively, 
of an on-chip inverter with sufficient loop gain to os- 
cillate when used in conjunction with a low-cost te- 
levision color-burst crystal. The nominal crystal fre- 
quency is 3.579545 MHz, and any deviation from 


MK5375 


this standard is directly reflected in the Tone Output 
frequencies. 


This oscillator is under direct control of the reperto- 
ry dialer and is enabled only when a tone signal is 
to be transmitted. During all other times it remains 
off, and the input has high impedance. The input 
OSCIN may be driven by an external source. 


DTMF OUTPUT (pin 10) 


’ 


The DTMF Output pin is connected internally to the 
emitter of an NPN transistor, which has its collector 
tied to V+, as shown on the functional block diagram. 


The base of this transistor is the output of an on-chip 
operational amplifier that mixes the Row and Co- 
lumn Tones together. 


The level of the DTMF Output is the sum of a single 
row frequency and a single column frequency. A ty- | 
pical single-tone sine wave is shown in Figure 2. 
This waveform is synthesized using a resistor tree 
with sinusoidally weighted taps. 


The tone level of the MK5375 is a function of the 
supply voltage. The voltage to the device may be 
regulated to achieve the desired tone level, which is 
related to the supply by either of the following equa- 
tions : 
T(o) = 20 LOG [(0.078V +)/0.775] dBm = (2.0) 
To) = 0.078(V+) VRMS. (row tones) (2.1) 
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PACIFIER TONE OUTPUT / CHIP DISABLE 
(pin 11) 


This pin normally has high impedance. Upon accep- 
tance of a valid key input, and after the 32 ms de- 
bounce time, a 500 Hz square-wave will be output 
on this pin. The square-wave terminates after a 
maximum of 30 ms or when the valid key is no lon- 
ger present. The purpose of this pacifier tone is to 
provide to the user audible feedback taht a valid key 
has been entered. This feature is useful particular- 
ly for on-hook storage and pulse-mode signaling. 


The pacifier tone is not enabled when manually dia- 
ling in tone mode. this eliminates any confusion be- 
tween the audible DTMF feedback and the pacifier 
tone, and prevents distortion of the DTMF signal by 
any of the pacifier tone frequency components. In 
both cases, the tone confirms that the key has been 
properly entered and accepted : whereas without 
the tone the user will not know if the keys have been 
properly entered. 


IMPORTANT : This pin also serves as a chip-disa- 
ble pin. pulling this input high through a resistor will 
disable the keypad (high impedance) and initialize 
all counters and flip-flops (memory remains undis- 
turbed). Pulling the input low through the same re- 
sistor enables the circuit. For the device to function 
properly, the resistor to V- (pin ) is required. 


This feature is useful in several applications, as des- 
cribed in the application notes section. 


Figure 2A : Typical Sine Wave Output - Single 
Tone. 


MUTE OUTPUT (pin 12) 


This pin is the Mute output for both-Tone and Pulse 
modes of operation. The timing is dependent upon 
which mode is being used. The output consists of 
an open-frain, N-channel device. During stanby, the 
output has high impedance and generally requires 
an external pullup resistor to the positive supply. 

In Tone Mode, the Mute output is used to remove 
the transmitter and the receiver from ‘the network 
during DTMF signaling. The output will mute conti- 
nuously while auto-dialing and during manual DTMF 
signaling until each digit entered has been signaled. 
In Pulse Mode of operation, the Mute output is used 
to remove the receiver or even the entire network 
from the line. These timing relation ships are shown 
in Figure 4. 


HKS INPUT (pin 17) ; 

This pin is a high-impedance input and must be swit- 
ched high for on-hook operation or low for off-hook 
operation. A transition on this input will cause the 
on-chip logic to initialize, terminating any operation 
in progress at the time. Signaling is inhibited while 
on-hook, but key inputs will be accepted and stored 
in the LND register. The information stored in the 
LND register may be copied into an alternate loca- 
tion only whil on-hook. A logic level may be presen- 
ted to this input, independent of the position of the 
hook-switch, allowing on-hook operations, such as 
storage, to be performed off-hook. 


Figure 2B : Typical Dual-tone Waveform 
(Row 1, Col 1). 
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Figure 2C : Spectral Analysis of Waveform in 
Fig.5 (Vert.10 dB/div. Horizontal - 
600 Hz/div.). 


REF 398 mV 
10 dB/DIV 


MAKER 700.0 Hz 
RANGE 398mV 191 mV 


START .0 Hz 
RWB 30 Hz 


STOP 5 000.0 Hz 
ST 17.4 SEC 


Key Standard Actual % 

Input | Frequency | Frequency | Deviation 
| 67 | _—9 
ee 


_ VBW 30 Hz 


PULSE (pin 18) 


This is an output driven by an open-drain, N-chan- 
nel device. In Pulse Mode operation, the timing at 
this output meets Bell Telephone and EIA specifica- 
tions for loop-disconnect signaling. The Make/Brake 
ratio is set to 40/60 on the standard MK5375. The 
pulse rate is determined By the RC values selected 
for the Rate Control, Pin 7. Note : The standard 
make/break ratio may not be suitable if the Pulse 
dialing rate is accelerated. 


DEVICE OPERATION 


The Mk5375 can be used in low-priced phones with 
basic 3x4 matrix keypads. the block diagram shows 
the data and control signal flow between the various 
functional blocks. The keypad entries are decoded, 
debounced, and if valid, they are storedinto the LND 


MK5375 


(Last-Number-Dialed) buffer, which acts much like © 
a FIFO (First-In-First-Out) register. Each sub- 
sequent entry is stacked in the buffer. Typically, the 
dialing sequence begins 172 ms after the first digit 
is accepted in Pulse Mode operation and 132 ms in 
Tone Mode operation. Each digit buffered into the 
RAM is dialed out with a 98 ms burst of DTMF and 
an inter-signal time of 102 ms. 


Buffering the data into the RAM prior to signaling is 
an important feature of the repertory dialer. It allows 
for the use of less expensive keypads, since the user 
cannot enter the digits too quickly for the system, 
and the pacifier tone can be used to provide audi- 
ble feedback following each key entry not genera- 
ting a DTMF signal. It also guarantees that the da- 
ta stored in the RAM matches exactly the digits ac- 
tually dialed. 


Manual dialing and auto-dialing can be executed in 
any order, consecutively or cascaded. The dialer 
must complete auto-dialing the previous entry be- 
fore another key is entered. Digits should not be en- 
tered while the device is auto-dialing. Most digits 
would be ignored unless preceded by a control key : 
in which case, an error in dialing may occur. 


Figure 3 : Keypad Configuration. 
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NORMAL DIALING 
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DIAL 


NEBNKS376-@A1 

The "*".(STAR) key is used as the modifier to control 
repertory functions. All numeric keys will signal nor- 
mally unless preceded by a modifier. To signal ei- 
ther a "“" or "#", these keys must be entered twice 
in succession. The first entry is not signaled or sto- 
red. 
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>LND PRIVACY 


_Asingle "*" input prior to going on-hook or prior to 
coming off-hook will erase the information stored in 
the LND buffer. 


AUTO DIALING (off-hook) 


ey Le | be yh: dbs] 


opt opt opt 
The key sequence "*" followed by any digit, will auto- 


dial the number sequence stored in the designated 
address location while off-hook. 


STORAGE ( (on- -hook) 


Pe qie | ie} tLe 


D is any data (telephone numbers) being entered or 
dialed. N is the address (memory location) in which 
numbers are stored. The number sequence stored 
in the LND buffer can be transfered to one the other 


nine permanent locations whith the simple se- 
quence "*" followed by the address. New digits may 
be written into the LND buffer while on-hook. To en- 
ter either a '"*" or "#" signal the digit must be ente- 
red twice in succession. 


PABX PAUSE (off-hook an on-hook) 


rata ea eal 


An indefinite pause is stored in a number sequence 
by entering the "*" key modifier, followed by a"#" key 
input. When the number sequence is redialed, the 
dialer will pause when it encounters the "#" entry. A 
key input will cause it to continue. 


PULSE DIALING 


Most of the Pulse key operations are the same as 
they were in Tone Mode ; PABX Pause is the only 
exception. In Pulse Mode, the pause may be stored 
as in tone mode, ™ #", or with a single "#" inputs will 
store two pauses. 


The "*" key exercises the control function ; two "*" 
inputs will be the same as a single input (multiple in- 
puts are not accepted). 


Figure 4A : MK5375 Timing Diagram — Pulse Mode Off-hook Operation. 
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| Figure 4B : MK5375 Timing Diagram — Tone Mode. 


ABSOLUTE MAXIMUM RATINGS* 


a 
DC Supply Voltage V* aaa Sara ee a 
Operating Temperature — 30 to + 60 
Storage Temperature — 55 to + 85 


Maximum Voltage Dissipation (25 °C) 
(V*) + 0.3, (V7) — 0.3 


* Stresses above those listed under “Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other condition above those indicated in the operational sections of this specification is not 
implied Exposure to absolute maximum ratings for extended periods may affect device reliability. 


Maximum Voltage on any Pin 


RECOMMANDED OPERATING CONDITIONS 


POWER DISSIPATION DERATING CURVE 


DERATE AT 9 mW/°C 
WHEN SOLDERED INTO 
0 100 200 300 400 £500 PC BOARD. 
\W 


m 
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ELECTRICAL OPERATING CHARACTERISTICS 
DCG CHARACTERISTICS — 30 © <T, < 60 © 


| tse 
| te | 


Isp 
MR 
edie 


(All specifications are for 2.5 Volt operation, unless otherwise stated Typical values are representative values at room temperature and are not 
tested or guaranteed parameters). - 
Notes: 1. Allinputs unloaded. Quescient Mode (Oscillator off). 
- 2. Meeting these minimum supply requirements will guarantee the rentention of data stored in memory. 
3. All outputs unloaded single key input. . 
4. Vout = 0.5 Volts. 
5. Sink current for Vout = 0.5, source current for Vour = 2.0 Volts. 


AC CHARACTERISTICS — KEYPAD INPUTS, PACIFIER TONE 


| Symbol | Parameter | Min 
ie mene 
20 a 
Two Key Rollover Time ae he Se 
Se i a 
Ter a 
RC 


Pacifier Tone 
Frequency RC Oscillator 


Notes: 1. Times based upon 8 kHz RC input for Rate Control. 
2. Deviation of oscillator frequency takes into account all voltage (2.5 to + 60 Volts), temperature (30° to .60°C) and unit-to-unit varia- 
tions. The tolerance of the external RC components or parasitic capacitance is not included. 


AC CHARACTERISTICS — TONE MODE 


Symbol | Parameter | Min. | 
Tone Output no Key down ee al 


| | 80 | em | | 

BW cent BE 
173 194 218 |mV (RMS) 1 

| PE | Pre-emphasis, HighBand | 2 | 27 | 2 | ae | | 

ie a a a 

| DIS I 

fs 


El 
[Output Distortion | to | 0 | | 
[Tone SignalingRate | TT to | sec | 
ae 
i soa 


Pre-signal Delay 
| ISD Inter-signal Delay 


Notes: 1. Load 10 kQ. 
. 2. These values are directly related to the RC input to Pin 7 nominally 8 kHz. 


NK 
To 

pe 
DIS 
TR 

SD 
ISD 
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ELECTRICAL OPERATING CHARACTERISTICS (continued) 
AC CHARACTERISTICS — PULSE MODE OPERATION 


Mute Overlap Time 


Notes: 1. Typical time assume nominal RC input frequency of 8 kHz. Anincrease in frequency results in an equal decrease in time values and 
an equal increase in rate values. 


APPLICATION CIRCUIT 


The MK5375 integrated circuit provides the ability 
to convert keypad inputs into either DTMF or loop- 
disconnect signals compatible with most telephone 
systems. Both modes of signaling utilise loop cur- 
rents to transmit the desired signaling information to 
the central office. 

The circuit schematic in Figure 5 illustrates a typical 
implementation of the MK5375 dialer IC along with 
the necessary components required to interface 
with the telephone line in a tone/pulse application. 
In loop-disconnect signaling, each digit dialed 
consists of a series of momentary interruptions of 
loop current called "breaks" (i.e., a digit "1" consists 
of a single break, a digit "2" consists of two breaks, 
and so on. The Pulse output is dedicated to loop- 
disconnect signaling and controls the flow of loop 
current through the speech network switching trans- 
istors, Q4 and Q5. The Mute output, through trans- 
istors Q2 and Q3, removes the receiver and trans- 
mitter to eliminate loud pops in the receiver caused 
by switching current through the network. The Pulse 
and Mute output signals, as shown in Figure 4A, 
consist of make, break, and interdigital time inter- 
vals. 

DTMF signaling requires that the loop current be 
modulated, producing an analog signal on the tele- 
phone line. Transistor Q1 modulates the loop cur- 
rent by amplifying the DTMF signal coupled to its 
base from the Tone Output. The Mute output re- 
moves the receiver and transmitter by switching 
transistors Q2 and Q3. This eliminates any interfe- 
rence with the DTMF signal from the transmitter and 
cuts down on the amplitude of the DTMF tone heard 
at the receiver. The timing diagram in Figure 4B il- 
lustrates the time relationship between key entries, 
Tone Output, and Mute Output. 

The voltage regulator circuit comprising resistor R2, 
zener diode Z2, and transistor Q6 serves several 
purposes. In tone mode operation, it provides the 
regulated supply voltage to the MK5375 which de- 
termines the DTMF signal amplitude at the Tone 
Output. Varying the supply voltage will vary the 
DTMF output signal. In pulse mode, it helps provide 


some isolation from the transients caused by swit- 
ching the speech network in and out. 

During normal off-hook dialing, the MK5375 ope- 
rates using current from the telephone line. On-hook 
number storage and memory retention current are 
supplied by the battery shown in Figure 5. Transis- 
tor Q6 prevents the flow of battery current to the 
speech network. 

The rate at which dialing occurs is determined by 
the values chosen for resistor R1 and capacitor C1. 
These values can be predetermined using equation 
(1.0) described above. The 3.5795 MHz crystal is 
used as a reference for systhesizing the DTMF si- 
gnals and is activated only for the short periods du- 
ring which these tones are being generated. 

The application circuit schematic in Figure 6 gives 
an example of the various features which can be uti- 
lized with the addition of several switches. the exam- 
ple also shows that multiple devices may be used 
to increase the effective storage capability of the te- 
lephone design. 

Much of the circuity used to modulate and pulse the 
line, mute the speech network, and regulate the sup- 
ply voltage is unchanged from the basic tone/pulse 
switchable telephone described above. 

The two devices in Figure 6 are hooked up in paral- 
lel with on another except for their oscillator pins and 
the Chip Disable inputs. A DPDT switch is used to 
select between the two dialers through the Chip Di- 
sable pin ; one device is activated while the other is 
put on standby. 

Some applications may include a memory lock 
switch to prevent any of the data stored to be chan- 
ged inadvertently. This memory lock switch can take 
the form of a locking key switch, which would allow 
only the person with the key to alter data stored in 
memory. 


_ Ascratchpad feature may be implemented to allow 


off-hook programmming of the memory while inhi- 
biting dialing. A switch is added in series with the te- 
lephone hook-switch to allow the dialer to be forced 
into its on)hook key entry mode while the telephone 
set is off-hook. 
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TEN-NUMBER REPERTORY TONE/PULSE DIALER 


a CONVERTS PUSH-BUTTON INPUTS TO 
BOTH DTMF AND PULSE SIGNALS 

a» STORES TEN 16-DIGIT TELEPHONE NUM- 
BERS INCLUDING LAST NUMBER DIALED 

» PACIFIER TONE AND PBX PAUSE 

a» LAST NUMBER DIALED (LND) PRIVACY 

=» MANUAL AND AUTO-DIALED DIGITS MAY BE 
CASCADED 

a ABILITY TO STORE AND DIAL BOTH * AND # 
DTMF SIGNALS 


DESCRIPTION 


The MK5376 is a monolithic, integrated circuit ma- 
nufactured using Silicon Gate CMOS process. This 
circuit provides the necessary signals for either 
DTMF or loop disconnect dialing. Ten telephone 
numbers of up to 16 digits each may be stored in 
the on-chip RAM. Manual and auto-dialed numbers 
may be cascaded in any order. 

Additional functions available are a Pacifier Tone 
output, PABX pause, external control of the signa- 
ling rate, and total functional control with either a 
standard 3 x 4 matrix keypad (FORM-A) or a 2-of-7 
keyboard. A 13th key option allows control of the 
dialer’s repertory features. The telephone keypad 


PIN CONNECTION 


Vv 
MODE SELECT 
COLT 
COL2 
N.C. 
COL3 
v 
N.C. 
RATE CONTROL 
osc 


Osc2 
TONE 
LEVEL SELECT 


oO an fC WO & WwW he = 
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ORDER CODE : MK5376N00 


then functions for signaling purposes only, inde- 
pendent of the repertory functions. The 13th key 
mode and the M-B (Make/Break) Ratio is user se- 
lectable. 


The dialer’s flexibility provides for many applica- 
tions, for example, off-hook programming, the use 
of additional chips in parallel for 10, 20, and 30 num- 
ber repertory phones, permanent memory protec- 
tion and the option of a supply-independent or sup- 
ply-dependent tone level. 


OUTPUT 


PACIFIER TONE/CHIP 
DISABLE 

DOTMF OUTPUT 

M-B SELECT 
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FUNCTIONAL DESCRIPTION 


V+ 


Pin 1. Pin 1 is the positive supply for the circuit and 
must meet the voltage requirements defined in the 
Electrical Specifications. 


MODE SELECT 


Input. Pin 2. In normal operation, Pin 2 determines 
' the Signaling Mode ; a logic level 1 (V+) selects Tone 
Mode, while a logic level 0 (V—) selects Pulse Mode 
operation. To guarantee proper dialing, this input 
must be tied to one of the supplies. 


— —<_—$$ 


ROW1 


Keyboard Input. Pins 3, 4, 6, 18, 19, 20, 21. The 
MK5376 keypad interface allows users to add either 
the standard 2-of-7 keyboard with negative common 
or the inexpensive single-contact (Form-A) key- 
board (see Figure 1). A valid key entry is either a 
single Row connected to a single column or V- pre- 
sented to both a single Row and Column. In Stand- 
by Mode, either all the Rows pull to a logic 1 (V+) 
and all the Columns are a logic 0-or vice versa. 


The keyboard interface logic detects an input being 
pulled low and enables the RC (RATE CONTROL) 
oscillator and keypad scan. Scanning consists of 
Rows and Columns alternately strobing high 
through on-chip pullups. After both a valid Row and 
Column key closure have been detected, the de- 
bounce counter is enabled Breaks in contact conti- 
nuity (bouncing contacts, etc.) are ignored for a de- 
bounce period (Tdb) of 32 ms. At this time, the key- 


pad is sampled. If both Row and Column informa- 
tion is valid, this information is buffered into the LND. 


V— 

Input. Pin 7. This pin is the negative supply input to 
the device. This is the voltage reference for all spe- 
cifications. 


RATE CONTROL 


Input. Pin 9. RATE CONTROL is a single-pin RC os- 
cillator. An external resistor and capacitor determine 
signaling rates in both Tone and Pulse Modes. An 
8 KHz oscillation provides nominal signaling rates 
of 10 PPS (pulses per second) in Pulse Mode and 


Figure 1A : Keyboard Schematics-Calculator 
Type Keypad. 


Figure 1B : Keyboard Schematics Standard Telephone Type Keypad. 
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5 TPS (tones per second) in Tone Mode ; the tone 
duty cycle is 98 ms on, 102 ms off. RC values on 
this input can be adjusted to a maximum oscillation 
frequency of 16 KHz, resulting in an effective Pulse 
rate of 20 PPS and Tone rate of 10 TPS. 


The following equation approximates the oscillation 
frequency : 


Fosc = 1/(1.49 RC) 


The capacitors (C) suggested value should be a 
maximum of 410 pF to guarantee accuracy of the 
oscillator. The resistor (R) is then selected for the 
desired signaling rate. The nominal frequency of 8 
kHz is achieved with component values of 390 pF 
and 220 K ohms. 


OSC1, OSC2 


Input/Output. Pins 10, 11. Pins 10 and 11 are the in- 
put and output, respectively, of an on-chip inverter. 
They have sufficient loop gain to oscillate when used 
with a low-cost television color-burst crystal. The no- 
minal crystal frequency is 3.579545 MHz and any 
deviation is directly reflected in the Tone Output fre- 
quencies. 


The repertory dialer directly controls the oscillator 
and is only enabled for tone signal transmission. It 
remains off at all other times and the input is high 
impedance. An external source may also drive the 
input. 


TONE LEVEL SELECT 


Input. Pin 12. The MK5376 has selectable tone le- 
vels with supply-independent or supply-dependent 
specifications. The tone levels available are similar 
to those provided on Mostek’s industry standard 
MK5380 and MK5089 DTMF generators (see Ta- 
ble 1). The optimum tone scheme is application-de- 
pendent. 


Table 1 : Tone Level Select. 


Tone Level T Ref Compatible 
Select Input | "One Meterence With 


— (method 1) Supply MK5089 
+ (method 2) |On-chip Reference MK5380 


V 
V 


Method 1 operates from a regulated supply. The 
tone level is related to this supply by either of the fol- 
lowing equations : 
To = 20 LOG [0.0776(V+)/0.775] dBm 
To = 0.0776 (V+) Vrms 


Method 2 provides a constant tone output and mo- 
dulates its own supply in a minimum parts count 
configuration. The tone level, when used in a subs- 
criber set, is a function of the output resistor Re and 


MK5376 


the telephone AC resistance Ri. The low-group sin- 
gle tone output amplitude is a function of Re and Ri 
described by the equation : 


Vo = {1/[0.2+Re)/RL]}To 
where Vois the tone amplitude at the phone line and 


To is the tone level at the DTMF OUTPUT pin. This 


version may also be operated on a regulated sup- 
ply, but-users must observe additional caution to 
prevent signal distortion (clipping) on longer loops. 


M/B SELECT : 


Input. Pin 13. In Pulse Modé, this pin selects the 
Make/Break ratio, or the percentage Break time per 
Pulse period (see Table 2). 


Table 2 : Make/Break Ratio. 


M-B Select : 
Break Time Make Time 
V+ 68 32 
V- 60 40 


Figure 2 : Typical Sine Wave Output. 
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DTMF OUTPUT 


Output. Pin 14. The DIMF OUTPUT pin is connec- 
ted internally to an NPN transistors emitter with a 
collector tied to V+. The transistor base is the out- 
put of an on-chip operational amplifier that mixes the 
Row and Column Tones together. 


The DIMF OUTPUT levelis the sum ofa single Row 
single tone sine wave is shown in Figure 2. This wa- 
veform is synthesized using a resistor tree with si- 
nusoidally weighted taps. DTMF output frequencies 
are defined by Table 3. 


PACIFIER TONE OUTPUT/CHIP DISABLE 


Input/Output. Pin 15. A 500 Hz square wave is out- 
put on this pin after acceptance of a valid key input 
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and after the 32 ms debounce time. The square 
wave terminates after a maximum of 30 ms or when 
the valid key is no longer present. The PACIFIER 
TONE audibly signals a valid key entry. This feature 
is particularly useful for on-hook storage and Pulse 
Mode signaling. The PACIFIER TONE is not en- 
abled when users manually dial in Tone Mode. This 
eliminates any confusion between the audible 
DTMF feedback and the PACIFIER TONE. In both 
cases, the tone confirms that the key has been pro- 
perly entered and accepted. Without the tone, users 
do not know if the keys have been properly entered. 


This pin is normally high impedance until a key is 
entered. It also serves as a CHIP DISABLE pin. Pul- 
ling this input high through a resistor disables the 
. keypad (high impedance) and initializes all counters 
and flip flops (memory remains undisturbed). Pul- 
ling the input low through the same resistor enables 
the circuit. 

This feature is useful in several applications. It pro- 
vides a convenient way to lock memory by connec- 
ting this input through a resistor to HKS. When it is 


Table 3 : Output Frequency. 


_ Key Input Standard Frequency Actual Frequency 


on-hook, the device is then disabled and key inputs 
are not recognized. The circuit will function normal- 
ly off-hook. Information can only be entered into the 
permanent memory locations by switching to Pro- 
gram Mode. This requires that a switch and resistor 
be added to connect to V-. 


MUTE 


Output. Pin 16. This pin is the mute output for both 
Tone and Pulse Modes. Timing depends on which 
mode is used. 


The output consists of an open drain N-channel de- 
vice and zener input protection. During standby, the 
output is high impedance and generally requires an 
external pullup resistor to the positive supply. 


In Tone Mode, MUTE removes the transmitter and 
receiver from the network during DTMF signaling. 
The output then mutes continuously while auto-dia- 
ling and during manual DTMF signaling. 


In Pulse Mode, the MUTE removes the receiver or 
even the entire network from the line. Timing is avai- 
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Figure 3B : MK5376 Timing Diagram - Tone Mode. 


MANUAL DIALING 


MK5376 


AUTO — REDIAL 


DIAL 


DIAL OAL OAL 
KEYPAD INPUT 2 | | ’ | * | | 2 | 
nov om TONLE 


COLUMN SCAN 


PAOBIER TONE 


TONE OUTPUT 
MUTE OUTPUT 


MOOKSWITCH 
nN 


CRYSTAL OSC 


lable both as a continuous mute (provided by the 
MK5376) or a mute that is active only when actual- 
ly pulsing the line. Figure 3 depicts these timing re- 
lationships. 


HKS 


Input. Pin 22. This pin is a high impedance input and 
must be switched high for on-hook operation or low 
for off-hook operation. A transition on this input ini- 
tializes the on-chip logic. This stops the current ope- 
ration. A logic level independent of the hookswitch 
position may be presented to this input, which al- 
lows on-hook operations, such as storage, to be per- 
formed off-hook. 


13KEY 


Input. Pin.23. This pin is a high impedance input. 
When it is tied permanently low, it indicates 12KEY 
Mode. If users desire 13KEY operation, a switch to 
the negative supply is attached to this pin, along with 
an external pullup. This forces the repertory dialer 
into 13KEY Mode. The dialer switches to 12KEY 
mode if users depress the 13th key switch while si- 
multaneously entering information through the key- 
pad. The differences between these modes are pre- 
sented in the Device Operation Section. 


PULSE OUTPUT 


Output. Pin 24. An open drain N-channel device 
drives this pin. In Pulse Mode, the timing meets Bell 
Telephone and EIA specifications for loop discon- 
nect signaling. The Make/Break ratio is user-selec- 
table. RATE CONTROL regulates the dialing rate. 


DEVICE OPERATION 


The MK5376 interfaces to two keypad configura- 
tions - the 12KEY and i3KEY Modes (see Figures 
4 and 5). This flexibility simplifies interfacing to exis- 
ting keypads and products. The MK5376 can be 
used in inexpensive telephones with basic 3x4 ma- 
trix keypads to give them repertory dialer features. 
In 13KEY Mode, the MK5376 allows the keypad to 
be used for standard signaling and the special re- 
pertory functions are only activated by using the 
"contro!" (13th) key. 


In both modes, keypad entries are decoded, de- 
bounced, and (if valid) stored in the LND (Last Num- 
ber Dialed) buffer that acts much like a FIFO (First- 
In-First-Out) register. Each subsequent entry is 
stacked in the buffer. The dialing sequence begins 
100 ms after the first digit is accepted. Each digit 
buffered into the RAM is dialed out with a 98 ms 
burst of DIMF and a 102 ms intersignal time. 


Figure 4 : Keypad Configuration 12Key Mode 


(tone mode). 
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MK5376 


Buffering data into the RAM before signaling is an 
important feature. This allows less expensive key- 
pads to be used since users cannot enter digits too 
quickly for the system and the PACIFIER TONE can 
provide audible feedback after each non-toned key 
entry. It also guarantees that data stored in the RAM 
exactly matches the digits actually dialed. 


Users can perform consecutive manual and auto- 
dialing, if auto-dialing is used to accomplish only a 
part of the desired number sequence. However, ma- 
nual and auto-dialing cannot be performed simulta- 
neously. 


NORMAL DIALING ~ 


yt dE die] ie 


In 12KEY Mode, the "*" (Star) key is the modifier 
used to control repertory er Allnumeric keys 
signal normally unless a modifier precedes them. To 
signal either a'"*" or "#" users must enter these keys 
twice in succession. The first entry is not signaled or 
stored. 


LND PRIVACY 


o Fe | oustook) + a] 


A "*", # input after going on-hook or prior to coming 
off-hook with erase information stored in the LND 
buffer. 


AUTO-DIALING (Off-hoof)) 


dee ted TL 


The key sequence "*" followed by any digit auto- 
dials the number sequence stored in the designa- 
ted address location. Note auto-dial can take place 
following manual key inputs. 


STORAGE (On-hook) 


Bi eieiG 


The number sequence stored in the LND buffer can 
be transferred to one of the nine other "permanent" 
locations with the simple sequence "*" followed by 
the address. New digits may be written into the LND 
buffer while on-hook. To enter a"*" signal, users en- 
ter the "*" key twice in succession as when dialed 
off-hook. 


PABX PAUSE (Off-hook and On-hook) 


ite didh. 


When users input "*" key followed by a "#", an inde- 
finite pause is stored in a number sequence. Upon - 
redialing the number sequence, the dialer will pause 
when it encounters "#". A key input makes it conti- 
nue. 


KEYPAD CONFIGURATION 12KEY MODE 
(pulse mode) 


Most of the Pulse key operations are identical to 
those in the 12KEY Tone Mode ; PABX Pause is the 
only exception. In Pulse Mode, the pause is stored 
with a single "#" input. Two "#" inputs store two 
pauses. 

The "*" key exercises the control function ; two 
inputs are the same as a single input (multiple in- 
puts are not accepted). 


wen 


Figure 5 : Keypad Sequence 13Key Cofiguration. 
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NORMAL DIALING AND LND PRIVACY 
OPTION (Off-hook) 


BOR 


Normal dialing is straightforward ; all Keypad entries 
are stored in the LND (Last Number Dialed) buffer 
and signaled as each is entered. All digits in the LND 
register are maintained unless the final key prior to 
going on-hook is "C". Inthe metal mask version, the 
LND buffer is cleared unless users make a Control 
entry before going on-hook. 


AUTO-DIALING (Off-hook) 


To auto-dial, users enter the control key "C", follo- 
wed by the address key, (shown here as "N", repre- 
senting memory location N). As soon as the address 
key is decoded and debounced, auto-dialing begins. 
Address zero is used to auto-dial LND. 
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STORAGE (On-hook) . PABX PAUSE ; 
pepe 2 pe 8 fr 
To store data in a given location (LOC N) users sim- Users may inject a pause at any point in the dialed 


ply enter digits into the LND buffer and copy them sequences by keying in "C" followed by "#". When 
to "N" by entering a control key "C" followed by the this number sequence is redialed, the dialer pauses 
desired address. Users can copy the last number indefinitely and continues to dial when another key 
dialed before going on-hook to another location if input is received. 

they make no entries before the copy operation. 


ABSOLUTE MAXIMUM RATINGS* 


DC Supply Voltage 
Operating Temperature 
Storage Temperature 

hes aie 


Maximum Power Dissipation (25 °C) 
Maximum Voltage on any Pin (V+) + 0.3, (V-) -— 0.3 


* All specifications are for 2.5 V operation and full operating temperature range unless otherwise stated. 


V 


ELECTRICAL OPERATING CHARACTERISTICS 
DC CHARACTERISTICS — 30 © < TA< 60 T 


Symbol] Parameter ~~~ in. | Typ | Max | Unit [Notes] 
Tvs [BO Operaingvonge——CSC=“*‘~*“‘*S*és ew *TSCCd 
Tea | Standby Curent ———SSSC—~—S—“—SsS~—SsS~SSSCi | to 
un 
BS 
pool 


—_—, 


on 
< 
e 


ee 
[Pulse Output Sink Curent ———SCS~S~C~S~<CS~i df wo ma 8 
[Paciier Tone SinSource—SSSSSS~s 280 | 00 |g 


Notes: 1. Allinputs unloaded. Quiescent Mode (oscillator off). 
2. Allinputs unloaded. single key input. 
3. Vout =0.5V. 
4. Sink Current for Vout = 0.5 Source Current for Vout = 2.0 V. 
5. Meeting these minimum supply requirements guarantees the retention of data stored in memory. 


It 
IML 
IPL 


Ipc 
Kru 
Krp 
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ELECTRICAL OPERATING CHARACTERISTICS (continued) 


CHARACTERISTICS ~ KEYPAD INPUTS, PACIFIER TONE 


Symbell SSS Pavameter ——~SSSSSTS*id i | Typ [Mex | Unit [Notes 
| Tko | Keypad DebounceTime => Ss —C—“C;i‘“;‘;‘~rYSC“‘z| 2« | | cms | 1 
TFs Keypad Scan Frequeney se 
| Tr_|TwoKeyRolloverTime = C—“‘*‘“‘LSSC‘L:C« 4 ~*d| CS |oms | ot 
Tpt 
Frc 


| Frequency PacifierTone | | 800 || | Ot 
| Ter | PacifierTore ms 
| Fro | Frequency RC Oscilator 70] +25] +70] % | 2 | 


Notes : 1. Times based upon 8 kHz RC input for RATE CONTROL. 
2. Deviation of oscillator frequency takes into account all voltage, temperature and unit-to-unit variations, but does not include the to- 
lerance of external components. 


CHARACTERISTICS — TONE MODE 


Symbol 
| Tyk | Tone Output no Key Down 


TNK 
Tone Output (dependent) 
( 


| Peg | Pre-emphasis, High Band ae ee 
| Voce | Average DC Bias Tone out(V+=25V) | || 


Toi Tone Output (independent) -12 dBm | 2,3 
194 mV(rms) 


V 

( 
| Pei | Pre-emphasis, HighBand | | 
| Voc: | Average DC BiasToneout | 
| DIS | OutputDistorion 8 | 8 | | 8 
| Re | Tone OutputLoad 
Inter-signal Delay 


Notes : ODBm equals 1 mWatt signal power into a 600 W load or 775 mV. 

. - Single tone (low group) V =2.5 V. 

.« Supply voltage = 2.5 to 6 V. Re = 10 KQ. 

Maximum load which can be connected externally to pin 10 and maintain proper tone levels. 

These values are directly related to the RC component values connected to Pin 7, the rate control frequency is nominally 8 kHz. 


apo 


AC CHARACTERISTICS — PULSE MODE OPERATION 


Symbol] Parameter“ ins | Typ. [Ma 
a 
[ror | PredgiaPase | fre | 
ior [eo | 

ee es a 


Interdigital Pause 


Mute Overlap Time 


Note: 1. Typical times assume nominal RC input frequency of 8 kHz. An increase in frequency results in an equal decrease in time values 
and increase in rate values. 


8/8 

a re Te ae f SGS-THOMSON 
7 MICROELECTRONICS 

116 


ky 


SGS-THOMSON 
NiICROELECTROMICS 


MK53721 


TONE/PULSE WORLD DIALER WITH LNR 


a TWOSELECT PINS ALLOW THE USER TO SE- 
LECT 16 DIFFERENT COUNTRY OPTIONS 


_ a SINGLE CHIP MIXED MODE DIALER ALLOWS 


DIALING IN EITHER TONE OR PULSE 
MODES. A * OR "SOFTSWITCH" KEY INPUT 
CAN ALSO BE USED TO SWITCH FROM 
PULSE TO TONE MODE OPERATION AND IS 
STORED IN MEMORY 


; m 28 DIGIT STORAGE WITH LNR (last number re-_ . 


dial) 

m P.I.N. (personal identify number) PROTECTION 
METHOD 

a» SLIDING CURSOR METHOD TO SIMPLIFY 
PABX DIALING 


' mw HOOKSWITCH DEBOUNCE, TRANSIENTS 


DUE TO LINE REVERSALS AND DROP-OUTS 
CAN BE MASKED FOR A PERIOD DETERMI- 
NED BY EXTERNAL RC 


' ms POWERED FROM TELEPHONE LINE, LOW 


STANDBY CURRENT AND OPERATING 
VOLTAGE 


| = DTMF SIGNAL CONSISTENT WITH KEY EN- 


TRY PERIOD 


~ a MINIMUM DTMF SIGNAL DURATION/SEPA- 


RATION GUARANTEED 

a TIMED PABX PAUSE MAY BE STORED IN ME- 
MORY 

=» TIMED FLASH FOR EXTENDED TIMED 
BREAK RECALL 


DESCRIPTION 
The MK53721 is a 20 pin CMOS mixed mode dia- 


_ ler IC. This dialer provides signalling for both TONE 


(DTMF) and PULSE (LD) modes of operation. All di- 
gits entered are stored in a 28-digit buffer and can 
be recalled with a single LNR (last number redial) 
command entry. 


The MK53721 can be switched from PULSE to 


_ TONE mode operation through the keypad with a 


*/# key input or softswitch (SS) key input. All key in- 
puts following a softswitch command will generate 
DTMEF signals. 


January 1989 


ORDER CODE : MK53721N00 


PIN CONNECTION 


PULSE OUT 
S 


KEYPAD CONFIGURATION 


MK53721 


DESCRIPTION (continued) 


Two select pins (SELA, SELB) have been provided The MK53721 features a Sliding Cursor, Auto- 
which allow the part to be customized for various Pause insertion (on some options), manual Pause, 
markets. Rather than selecting and modifying indi- and Flash. The DTMF tone output has a guarenteed 
vidual parameters which would take many pins or minimum duty cycle and extends to match the du- 
mask options each select pin will select groups of ration of key inputs. 

options which have been identified for particular 

markets. 


ABSOLUTE MAXIMUM RATINGS* 


DC Supply Voltage 
Operating Temperature 


Storage Temperature 
Maximum Power Dissipation (25°C) 
Maximum Voltage on any Pin : 


VDDT | DC Operating Voltage Tone Mode : 
VDDP | DC Operating Voltage Pulse Mode ; 
Memory Retention Voltage 
L 


— | h ]}PM 
aro ;n 


ak 
[ee] 


[Dwr [ute Operation SSS~d 

Tipp | Operating Current Puce Modo 

awe | Memory Retenion Gurent 

7 

50 


Notes: 


o | 
ee 


.8BVDD 


1. All inputs unloaded. Quiescent mode (oscillator off). 

2. All outputs unloaded, single key input. 

3. Vout = 0.4 Volts. 

4. Memory retention voltage is the point where memory is guaranteed but circuit operation is not. 

5. Proper memory retention is guaranteed if either the minimum Imr is provided or the minimum Vmr. Both are not needed simultaneous- 
ly. 
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AC ELECTRICAL CHARACTERISTICS(TA = 25°C unless otherwise specified) 


pref ree 
| Min, | Typ. | Max. 
a! | =80 | dBm _ 


Tone Output no Key Down 


Tone Output (low group) -— 13 -—12 — 11 dBm | 6,7, 8 
173 194 218 | mVrms 


TNK 
TO 
VPE Pre-emphasis 20 log [VCOL/VROW] 
TDC 


Tone DC Bias 


Lee 
[TLOAD | Tone Outputload 
| TRIS | Tone Output Rise Time 
| TOIS | Tone Distortion 


Notes : 6. 0dBm equals 1mWatt into 600Q or 775mV. The MK53721 is designed to drive a 10kOhm load. The 6002 load is only for reference. 
7. Single tone (low group), as measured at pin 12. 
8. Supply voltage from 2.5 to 6.0V. Rload = 10kOhms. 
9. Time from beginning of tone output waveform to 90% of final magnitude. 


yp. 
1.6 
1.0 
5.0 


TIMING SPECIFICATIONS (TA = 25°C unless otherwise noted) 


ra = 
| TKD | Keyboard DebounceTime | | a! 
| FKS | Keyboard Scan Frequency | 250 el 
| TPSD | Tone Presignal Delay | | | msec | 
|MSEC | 

PPS 
| P| 


wax. | 

; | msec” 
as a 
[POP | Predigital Pause =ss=(“‘“‘CS™SCO#é‘CO™C#O 


Interdigital 
Timo [Mute Ovenap Fuse SSSCSC~—~S~‘“—~sSSS*dS mse | tt 


Notes :10. The values of these parameters are dependent upon the option selected by SELA and SELB pins, see option tables A and B for ti- 
ming values. 
11. TM = Make Time ; 32 mS or 40 mS depending upon option selected. 


G7 SGS-THOMSON ———————“( 
97 incroevectromes 
: 119 


~ MK53721 


PIN DESCRIPTIONS : 
| Pint | -PinName | iescription = 
1 VDD Positive Supply 
6 VSS Negative Supply (ref for all voltages) 
OSC1 Oscillator Input for 3.579545MHz Crystal 
OSC2 Oscillator Output 


Selects TONE or PULSE Default Operation 
Select Option Group A1-A16 by Connecting this Pin to the Appropriate Row or Col 


Selects Option Group B1-B8 
Hookswitch Detect, Logic 1 = 'off-hook' 


DTMF Output NPN Emitter Follower 
Mask Output for Pulse Mode Operation, Nch Open Drain,Active High 
Mute Output for Tone Mode Operation, Nch Open Drain, Active High 
PULSE Output for Precise Break Timing, Nch Open Drain, Active High 


Column Keypad Connections 


DTMF OUT 
MASK OUT 
MUTE OUT 
PULSE OUT 


Row Keypad Connections 


TIMING DIAGRAMS 
Figure 1 : Tone Mode Timing. 
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Figure 2 : Pulse Mode Timing. 


MK53721 


TPDP 


puse| F4AAR™ 4 


OUT 


eS 


GENERAL DESCRIPTION 


A-OPTIONS 
The SELA pin is used to select groups of parame- 
ters and modify the operation of some of the special 


features. These groups are tailored for specific ~ 


users. A major benefit of this approach simplifies the 
design of telephones for the international market. 
The option groups are selected by connecting the 


'TI SGS-THOMSON 
7 imerozvecrnomes 


sd 45 
| 4 


SELA pin (number 10) to one of the row or column 
pins for a total of eight possible choices. The Sel-B 
option pin further defines an additional group of A- 
options by connecting the Sel-B pin to either a co- 
lumn, for options A1-A8, or to a row, for options A9- 
A16. Options can only be changed while "on-hook". 
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Table 1 : A Options. 


ce ee a 


API, SS*SS, FT = True 
FT = True 

SSx*# = True, *#PIN = True 
SSx*# = True, *#PIN = True 


New Zealand Style Keypad 
Swedish Style Keypad 


FT = True 

DM, SSx*#, *#PIN = True 
DM = True. 

API, FT =T 

Flash Option = F2 


The default settings for any group, unless specified otherwise in the FUNCTIONS column is : 
API = False, DM = False, SS*# = False, PIN = True, FT = False, Flash Option = F1, D*#P = False, 
Sweden keypad = False, New Zeland = False. 


DEFINITIONS 

TONE xx/yy : xx = Tone duration (TDUR), yy = Tone intersignal delay (TISD) 

API = autopause insertion (True, False) ; 

DM = data mode, memory bypassed and part xmits tones as simple DTMF generator. 
SS*# = transmit * or # key on input, even in pulse mode (True, False). 

SS‘*SS = Softswitch sequence [bi-directional] required by Germany (True, False). 

PIN = personal id number protection (True, False) 

*#PIN = PIN protection is ignored if * or # is the first digit (True, False). 

FT = flash can only be used in Tone mode (True, False) 

F1 = flash option 1, keys following a flash will begin new sequence 

F2 = flash option 2, keys following flash will be appended to current sequence and cannot be recalled. 


The first group of A-Options are selected by B-options B1 through B4. 


Ai : OPEN 

A2:UK 

A3 : FRANCE (PUBLIC) 

A4 : FRANCE (PRIVATE) 

A5 : PANAMA/COLOMBIA (S. AMERICAN COUN-TRIES) 
A6 : NEW ZEALAND 

A7 : SWEDEN/SOME OF NORWAY 

A8 : USA - 10PPS 


The second group of A-Options are selected by B-options B5 through B8. 


AQ: HOLLAND/DENMARK 
A10 : BELGIUM 

Ai1 : SPAIN 

A12 : FRANCE (Data mode) 
Ai3 : AUSTRALIA 

A14: ISRAEL 

A15 : ITALY 

A16 : USA - 20PPS 
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B-OPTIONS 


SELB pin is used to select a default pulse rate and 
also determine the fixed delay time used for the 


Table 2 : B Options. 


KEYBOARD INTERFACE 


The MK53721 has eight keyboard interface pins 
which are to connected to a 4 x 4 keypad with FORM 
A (SPST) switches. A 2-of-8 keyboard with negative 
common may also be used. ~ 


The keyboard is disabled while "on-hook". Off-hook, 
the column and row keys assume opposite logical 
states. Keyboard scan is enabled when a valid in- 
put is detected. The scan frequency is 250Hz. 


On hook, the keypad inputs are disabled eliminating 
possible current draw in this state. Off hook, the key- 
pad inputs are enabled. A key entry, connecting a 
single column pin to a single row pin, is detected and 
the oscillator is activated. The keypad is scanned 
and debounced to verify the key input and the data 
is then stored into the LNR buffer (if storable). 


HOOKSWITCH INPUT 


The HKS INPUT (HOOKSWITCH) informs the 
MK53721 of the state of the telephone. A logic "1" 
(connected to VDD) indicates the telephone set is 


. in the "off-hook" state and dialing is enabled. A lo- 


gic "0" (connected to VSS) indicates the telephone 
setis "on-hook", dialing is disabled, and the chip will 
not draw extra current if keys are depressed. This 
ensures that only the memory retention current is 


A- OptionsGroup 


Ai-A8 
A9-A16 


MK53721 


PAUSE command. 


There are four alternatives to choose from. Options 
can be changed only when "on-hook". 


Pause Duration(sec) 


IDP + 1.1 + IDP 
IDP + 3.1 + IDP 
- IDP + 6.0 + IDP 
Indefinite 


IDP + 1.1 + IDP 
IDP + 3.1 + IDP 
IDP + 6.0 + IDP 
Indefinite 


required while on hook. 


The HKS INPUT is level sensitive which simplifies 
the implementation of hookswitch debounce. Tran- 
sients caused by interruptions in loop current during 
exchange operations will not cause inadvertant "on- 
hook" detection. The length of debounce is determi- 
ned by the value of a the pullup resistor and capa- 
citor connected externally. The suggested de- 
bounce periods range from 50msec to 500msec. A 
valid hookswitch transition will terminate signalling 
in progress and reset the dialing mode to the default 
mode determined by the MODE INPUT (pin 2). The 
HKS debounce time is determined by the following 
equation : 
T(HSDB) = 0.75 x REXT x CEXT 


EARTH LOOP RECALL (ELR OR GND KEY) 


Earth loop recall is not generated by the MK53721 
but can be detected by applying a logic "0" level di- 
rectly to the hookswitch. The hookswitch debounce 
is bypassed by applying logic levels directly to the 
HKS pin (input not connected through external re- 
sistor). The ELR or GND KEY detect is identical to 
a hookswitch input without the debounce. Any digits 
dialed after ELR or GND key will reset the memory 
and be treated as a new number in the LNR buffer. 
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LAST NUMBER REDIAL 


LNR (last number redial) command causes the 
contents of the LNR buffer to be dialed. Numbers 
which include a softswitch are limited by P.I.N. pro- 
tection described below. LNR does not have to be 
the initial key input since the MK53721 features a 
"sliding cursor" dialing method. 


The LNR buffer can store 28 digits but any number 
of digits may be dialed manually. The memory sto- 
rage will wrap-around after the first 28 digits have 
been entered and the additional inputs will be sto- 
red beginning in the first memory location. After 
wrap-around has occured the LNR command will be 
disabled to prevent misdials. 


FLASH 
The FLASH command is stored in the LNR buffer 
and when signaled it initiates a timed break. This ti- 


Table 3 : Flash Key Options. 


Key Input 


TIP 123F45 
TIP LND 
TIP LND 


TIP 12345 
TIP F 
TIP LND 


SLIDING CURSOR 


The sliding cursor feature simplifies PABX access 
and redial. The MK53721 will compare all digits as 
they are entered to the previous memory contents. 


Table 4 : Sliding Cursor Operation. 


| Mode | Key Input 


ming is determined by the options selected. Flash 
option F1 will reset the memory after a flash and ad- 
ditional inputs will begin a new number sequence. If 
this option is selected new digits will not be accep- 
ted until the FLASH is completed. 


Flash option F2 will continue accepting inputs and 
storing these sequentially in the buffer. These digits 
cannot be redialed. 


In both cases, signalling will revert to the default dia- 
ling mode determined by the MODE INPUT follo- 
wing the FLASH command execution and the 
FLASH itself is never redialed. 


Mask out during Flash = Tpdp + Flash duration + 
Tidp. 


Manual Dial, Flash Key 
Redial, Flash Option F1 
Redial, Flash Option F2 


Normal Dial 
Flash Dial 
Redial, Flash Option F1, F2 


12345 
Manual Dial, Flash Key Term 


If all digits entered equal the memory contents the 
LNR command can be activated at any point in the 
dialing sequence and the remaining data will be re- 
dialed. LNR is inhibited if there is a digit mismatch. 


Normal Dial 
Redial 


Sliding Cursor 

Sliding Cursor, Invalid 
Normal Dial 

Redial of Last Number Dialed 


SOFTSWITCH, P.I.N. PROTECTION 


Softswitch feature allows the dialing mode of the dia- 
ler to be switched from Pulse Mode to Tone Mode 
operation with a key input. Two methods are avai- 
lable to accomplish this, first is the SS key and se- 
cond is the * or # key while in Pulse mode. 


The P.I.N. (PERSONAL IDENTIFY PROTECTION) 
feature of the MK53721 will protect numbers which 


are likely to be used in confidential transactions. Di- 
gits entered after a * or # key in TONE mode, or 
"softswitch" command (either a * input or SS input 
while in PULSE mode) are considered private. 
These digits cannot be redialed and therefore the 
users privacy is not compromised. The exception to 
this is a * or # key at the beginning of a sequence, 
in this case redial of the entire sequence is allowed. 
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Table 5 : Softswitch Operation. 


| Mode _| Key input | Output | escription 


3 <TDMF> 4 5 

3 <TDMF>* 4 5 
3 <TDMF> 4 5 
3 


<TDMF>123* 4 5 
<TDMF> 1 2 3 


<TDMF>* 1 2 
<TDMF>* 14 


Softswitch, SS * # = False 
Softswitch, SS * # = True 
Softswitch 
PIN = True 


Softswitch, SS * # = False 

PIN invalid for * key first, SS* # 
= False 

Softswitch, SS * # = True 

PIN invalid for * key first, SSx # 
= True 


3% 45 
23%*45 


TONE 123*45 23%* 45 Manual Dial * Key 
TONE LNR 23 PIN =True 


*123%*45 


LNR 


PAUSE 


The PAUSE command is used to insert a fixed time 
delay into a number sequence. The dialer will delay 
a fixed time when redialing the number. The delay 
is programmable with the SELB option pin. If an in- 
determinate delay is selected the dialer will stop du- 
ring redial at the point where the PAUSE function 


was entered. Auto-dialing is resumed by entering . 


the PAUSE key. 


An AUTO-PAUSE INSERTION (API) feature is also 
available as an option. The pause is inserted auto- 


Table 6 : Pause Operation. 


Key Input 


123 45 


DATA MODE 


The DATA MODE feature allows the MK53721 to 
be put into a mode where it operates just like a sim- 
ple tone dialer, for entering long sequences of tones 
to a remote service without disturbing the LNR buf- 


45. Manual Dial with Delay 


T/P is 123 
T/P LNR 12°38 


lf firest key is * or #, then * , #is 
redialed 

SS* # = True 

SS* # = False 


matically into a number sequence if manual dialing 
is interrupted by a delay of more than one second 
following the signaling of the last digit entered if in 
tone mode operation. In Pulse mode operation, the 
delay will be inserted automatically if a manual digit 
has not been entered within an IDP time following 
the completion of the previous digit. Not more than 
two APIs’ will be entered for each number se- 
quence. 


45 Redial, Pause Inserted if Autopause’ 
= True 


Manual Dial, Pause Key Input 
Redial, PAUSE <> Ind 
Redial, PAUSE = Ind 

Complete Redial 


fer. If the DM option is selected, all digits entered af-. 
ter a * or # key will be toned out with no minimum 
tone duration, and will not clear the LNR buffer re- 
gardless of how many digits are output. 
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Table 7 : Data Mode Option. 


| Mode | Keyinput_ 


1 
1 
* 
* 
1 


123 <T>45... 


123 


* 123*45..N 
LNR <T> 


* 123% 45..N 
LNR <I> * 


DTMF OPERATION 


The DTMF OUTPUT is driven by a bipolar (NPN) 
emitter follower with the collector tied to VDD. The 
DTMF OUT signal is a summation of the keyboard 
selected High group (column) and Low group (row) 
tones. The amplitude of these tones is determined 
internal to the chip and is independent of supply. 


The tones are synthesized using a resistor tree with 
Table 8 : DTMF Output Frequencies. 


23<T>* 45... 


<T>123%* 45... N 


<I>*123%* 45... N 


Data Mode (DM) Active After * or# 
Digits before DM are redialed. 


DM activated on first * entry. 
Only * is redialed. 


Softswitch to DM on * or #, SS * # 
= True 

Softswitch to DM, SS * # = False 
Digits before DM are redialed. 


SS *x# = False 

SS * # = False, softswitches but 
nothing redialed. 

SS * #=True 

SS * #=True 


sinusoidally weighted taps. The frequency and ac- 
curacy of the synthesized tones is listed in the ta- 
ble 8. Note, variations in the oscillator frequency 
(using the 3.579545MHz crystal) will be reflected in 
the frequency of the synthesized tones. 


Single tone may be generated when using options 
A8 or A16, by symultaneously pressing two buttons 
in the same row or column. 


Key Input StandardFrequency ActualFrequency is ‘Standen 


PULSE OPERATION 


In Pulse operation the MK53721 converts keypad 
inputs into a series of pulses to simulate a rotary dia- 
ler. The Pulse Output becomes active following the 
debounce period and a short predigital pause pe- 
riod. A Mask Output is provided to remove the 
speech network form the line or to attenuate the cur- 
rent spikes which reach the receiver when Pulse dia- 
ling. The Mask output goes active a predigital pause 


prior to the first break and remains active until an 
IDP period following the output of the last digit from 
the buffer. The nominal pulse output rate is 10pps 
although this is selectable by the Select Option pins. 


In pulse mode operation the number of pulses as- 
sociated with each key can be modified to meet 
Standards of nations such as Sweden, some of Nor- 
way, and New Zealand. These options are availa- 
ble through the SELA and SELB input pins. 
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Table 9 : Pulse Output Options. 


| MK53721 


10 Pulses 
1 Pulse 
2 Pulses 
3 Pulses 
4 Pulses 
5 Pulses 
6 Pulses 
7 Pulses 
8 Pulses 
9 Pulses 
Softswitch 
Ignored 


O'ad 
arr 
care 
Bisce 
Avis: 
Sis 
6 4 
Tacs 
B44 
ee 
*.. 
#.. 
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TYPICAL APPLICATIONS 


The MK53721 is a single chip Tone Pulse World 
Dialer with 28-digit last number redial, which pro- 
vides the‘necessary signals for DTMF (tone) or loop 
disconnect (pulse) dialing. The typical application 
circuit shown in figure 3 illustrates one way the 
MK53721 Tone Pulse dialer can be used with an in- 
tegrated speech circuit to produce a multi-standard 
telephone. The circuit is connected to the telephone 
line through a polarity guard integrated circuit that 
assures proper voltage polarity to the circuit, regar- 
dless of telephone line polarity, as well as limiting 
the voltage at the polarized side. The 2-to-4 wire 
conversion, muting of the transmitter and receiver, 
and provision of regulated supply voltage to the 
MK53721 is accomplished using an SGS-THOM- 
SON L3280 integrated speech circuit. The L3280 al- 
so takes the MK53721 DTMF output and modulates 
the line with that signal. Because of the various 
World Dialer timing options selectable with the 
MK53721, the application can be easily adapted to 
meet the standards of almost any country. 


In this circuit, Pulse dialing (which consists of a se- 
ries of momentary interruptions of loop current) is 
achieved by the Pulse output of the MK53721 con- 
trolling transistor Q1,Q2 and Q5 to break and make 
the loop current through the speech network. The 
MK53721 MASK output provides the logic level to 


ky SGS-THOMSON 


1 Pulse 
2 Pulses 
3 Pulses 
4 Pulses 
5 Pulses 
6 Pulses 
7 Pulses 
8 Pulses 
9 Pulses 
10 Pulses 
Softswitch 
Ignored 


10 Pulses 
9 Pulse 

8 Pulses 
7 Pulses 
6 Pulses 
5 Pulses 
4 Pulses 
3 Pulses 
2 Pulses 
1 Pulses 
Softswitch 
Ignored 


+ #€#OonNDOORWM—O 


the L3280 MUTE input to cause muting of the loud 
pops which would otherwise be heard at the recei- 
ver due to the pulsing of the loop current through the 
speech network. 


Tone signalling requires that the loop current be mo- 
dulated with the appropriate DTMF signal. The 
DTMF output of the MK53721 is coupled to the 


’ DTMEF driver circuitry of the L3280 via a filter net- 


work comprised of C8, C9, R12, R13 and Q3. The 
jumper J1 allows the user to select whether or not 
to use the filter network required to meet some coun- 
try specifications. The MK53721 MUTE output pro- 
vides the logic level to the L3280 MUTE input to 
mute the transmitter and reduce to an acceptable 
level the tone heard at the receiver. 


The mode of operation (Tone or Pulse) is controlled 
by switch S1. In Pulse Mode, the Softswitch key (SS 
or * key) can be used to change from Pulse to Tone 
Mode. Going on-hook and back off-hook will cause 
the MK53721 to revert to the mode selected by the 


- §1, but the Softswitch function can be redialed. The 
_ Signalling mode may be changed at any time, so as 


to allow mixed Pulse and Tone dialing. 


The current required for long term memory retention 
with the MK53721 is typically 0.3uA. A battery is the- 
refore not required if a resistor is used to provide the 
small amount of memory retention from the line 
when on-hook. 
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Figure 3 : MK53721 Typical Application. 
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SINGLE NUMBER PULSE TONE SWITCHABLE DIALER 


a» SINGLE CHIP DTMF AND PULSE DIALER 

a SOFTSWITCH CHANGES SIGNALING MODE 
FROM PULSE TO TONE 

» RECALL OF LAST NUMBER DIALED (up to 28 
digits long) 

mu FLASH KEY INPUT INITIATES TIMED HOOK 
FLASH 

» TIMED PABX PAUSE 

=» 8 TONES PER SECOND DIALING IN TONE 
MODE AND 10 PPS IN PULSE MODE 


| w DTMF ACTIVE UNTIL KEY RELEASE 


=» MINIMUM DTMF DURATION/SEPARATION 
GUARANTEED (74/54 ms) 

a» PACIFIER TONE PROVIDES AUDIBLE INDI- 
CATION OF VALID KEY INPUT FOR NON- 
DTMF KEY ENTRIES 

=» POWERED FROM TELEPHONE LINE, LOW 
OPERATING VOLTAGE FOR LONG LOOP AP- 
PLICATIONS 


DESCRIPTION 


The MK53731 is a Silicon Gate CMOS IC that pro- 
vides necessary signals for either DTMF or loop dis- 
connect (pulse) dialing. The MK53731 buffers up to 
28 digits into memory that can be later redialed with 
a single key input. This memory capacity is sufficient 
for local, long distance, overseas, and even compu- 
terized long-haul networks. Users can store all 12 
signaling keys and access several unique functions 
with single key entries. These functions include : 
Last Number Dialed (LND), Softswitch, Flash, and 
Pause. Figure 2 shows the keypad configuration. 


ALND key input automatically redials the last num- 
ber dialed. 


Two features simplify PABX dialing. The pause key 
stores a timed pause in the number sequence. Re- 
dial is then delayed until an outside line can be ac- 
cessed or some other activity occurs before normal 
signalling resumes. The FLASH key simulates a 
560 ms hook flash to transfer calls or to activate 
other special features provided by the PABX or a 
central office. 
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FUNCTIONAL PIN DESCRIPTION 


V+ ; 

Pin 1. V+ is the positive supply for the circuit and 
must meet the maximum and minimum voltage re- 
quirements. (see Electrical Specifications). 


MODE ; 
Input. Pin 2. MODE determines the dialer’s default 
operating mode. When the device is powered up or 
the hookswitch input is switched from on-hook, (V+), 
to off-hook, (V—), the default determines the signa- 
ling mode. A V+ connection defaults to tone mode 
operation and a V-— connection defaults to pulse 
mode operation. 

When dialing in the pulse mode, a softswitch fea- 
ture will allow a change to the tone mode whenever 
the * key, or softswitch, is depressed. Subsequent 
* key inputs will cause the DTMF code for an * to be 
dialed. The softswitch will only switch from pulse to 
tone. After returning to on-hook and back to off- 
hook, the part will be in pulse mode. Redial by the 
LND key will repeat the softswitch. 


C1, C2, C3, C4, R4, R3, R2, R1 

Keyboard inputs. The MK53731 interfaces with ei- 
ther the standard 2-of-8 with negative common or 
the single-contact (Form A) keyboard. 

A valid keypad entry is either a single Row connec- 
ted to asingle Column or V—simultaneously presen- 
ted to both a single Row and Column. In its quies- 
cent or standby state, during normal off-hook ope- 
ration, either the Rows or the Columns are at a lo- 
gic level 1 (V+). Pulling one input low enables the 
on-chip oscillator. Keyboard scanning then begins. 
Scanning consists of Rows and Columns alternate- 
ly switching high through on-chip pullups. After both 
a Row and Column key have been detected, the de- 
bounce counter is enabled and any noise (bouncing 
contacts, etc.) is ignored for a debounce period 
(Tkp) of 32 ms. At this time, the keyboard is sam- 
pled and if both Row and Column information are 
valid, the information is buffered into the LND loca- 
tion. If switched on-hook (pin 17 to pin 1), the key- 
board inputs are pull high through on-chip pull-up 
resistors. 

In the tone mode, if 2 or more keys in the same row 
or if 2 or more keys in the same column are depres- 
sed a single tone will be output. The tone will corres- 
pond to the row or column for which the 2 keys were 
pushed. This feature is for test purposes, and sin- 
gle tones will not be redialed. 

Also in the tone mode, the output tone is continuous 
in manual dialing as long as the key is pushed. The 
output tone duration follows the table 1. 


Table 1. Output Tone Duration. 


T <32ms No Output. Ignored by 
MK53731. 


32ms<T<75ms 75 ms Duration Output. 
+ TpoK 
T275ms+Txp Output Duration = 

. T -—Tkp 


* 


Note : Txnis the keypad debounce time which is typically 32 ms. 


When redialing in the tone mode, each DTMF out- 
put is 75 ms duration, and the tone separation (in- 
tersignal delay) is 50 ms. 


V- 


Input. Pin 6 is the negative supply input to the de- 
vice. This is the voltage reference for all specifica- 
tions. 


OSC1, OSC2 


Pin 7 (input), pin 8 (output). OSC1 and OSC2 are 
connections to an on-chip inverter used as the ti- 
ming reference for the circuit. It has sufficient loop 
gain to oscillate when used with a low-cost televi- 
sion color-burst crystal. The nominal crystal fre- 
quency is 3.579545 MHz and any deviation from this 
standard is directly reflected in the Tone output fre- 
quencies. The crystal oscillator provides the time re- 
ference for all circuit functions. A ceramic resonator 
with tolerance of +0.25 % may also be used. 


DTMF OUTPUT 


Output. Pin 10. An NPN transistor emitter with a col- 
lector tied to V+ drives the DTMF OUTPUT pin. The 
transistor base is connected to an on-chip operatio- 
nal amplifier that mixes the Row and Column tones. 
Figure 7 shows the timing at this pin. 


The DTMF OUTPUT is the summation of a single 


Row frequency and a single Column frequency. A 
typical single tone sine wave is shown in Figure 4. 
This waveform is synthesized using a resistor tree 
with sinusoidally weighted taps. 


The MK53731 is designed to operate from an unre- 
gulated supply ; the TONE LEVEL is supply inde- 
pendent, and the single row tone output level will be 


typically : 
Toi =-12 dBm+1 dB 


The DC component of the DTMF output while ac- 
tive is described by the following equation : 


Vopci = 0.3 V+ + 0.5 Volts 
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Figure 4 : Typical Single Tone. © 


i 


, : i 
Bb comes a £6 aes lies vee OM ce tte 
: : ' i Ps 
: bd ‘ . 


é 4 
4 
a ae et ant a ee 
! : 
ee 
tea 
: he 
a 


| , 
ai 
4 
i 


2 
” : : 
i } 
Se Seon earn en ee eee mee ree 
e 
es 


ol 


am ern an 


REF 398 mV MAKER 700.0 Hz 


10 dB/DIV RANGE 398mV 


START .0 Hz 
RWB 30 Hz VBW 30 Hz 
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191 mV 


STOP 5 000.0 Hz 
ST 17.4 SEC 


PACIFIER TONE 

Output. Pin 11. A 500 Hz square wave is activated 
upon acceptance of a valid key input, afterthe 32 ms 
debounce time. The square wave terminates after 
a maximum of 30 ms or when the valid key is no lon- 
ger present. In pulse mode, all valid key entries ac- 
tivate the pacifier tone. In tone mode, any non- 
DTMF (FLASH, PAUSE, LND, SOFTSWITCH) en- 
try activates the pacifier tone. The pacifier tone pro- 
vides audible feedback, confirming that the key has 
been properly entered and accepted. 

MUTE OUTPUT 

Output. Pin 12. This pin is the MUTE OUTPUT for 
both tone and pulse modes. Timing is dependent 


~ upon mode. 


The MUTE OUTPUT consists of an open drain N- 
channel device. During standby, the output is high 
impedance and generally has an external pullup re- 
sistor to the positive supply. 

In the tone mode, MUTE OUTPUT is used to re- 
move the transmitter and the receiver from the net- 
work during DTMF signaling. During dialing, MUTE 
OUTPUT is active continuously until dialing is com- 
pleted. MUTE OUTPUT goes active when any key 
is pushed. 


In the pulse mode, MUTE OUTPUT is used to re- 
move the receiver and the network from the line. Dif- 
ferent circuitry is required for tone and pulse muting 
external to the IC and applications using both modes 
would not necessarily share circuitry. MUTE OUT- 
PUT timing is shown in Figure 8 for pulse mode si- 
qnaling and Figure 7 for tone mode signaling. MUTE 
OUTPUT is active during each digit, and not active 
during the interdigit time. In both tone and pulse 
modes, MUTE OUTPUT goes active 40 ms before 
PULSE OUTPUT for a FLASH. 


-HKS 


Input. Pin 17. Pin 17 is the hookswitch input to the 
MK53731. This is a high-impedance input and must 
be switched high for on-hook operation or low for 
off-hook operation. A transition on this input causes 
the on-chip logic to initialize, terminating any opera- 
tion in progress at the time. The signaling mode de- 
faults to the mode selected at pin 2. Figure 8 illus- 
trates the timing for this pin. 


PULSE OUTPUT 

Output. Pin 18. This is an output consisting of an 
open drain N-channel device. In either pulse or tone 
mode, the FLASH key will cause a 560 ms output 
pulse at pin 18. 
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DEVICE OPERATION (Tone Mode) 


When the MK53731 is not actively dialing, it 40 ms (measured from initial key closure). Output 
consumes very little current. While on-hook, all key- tone duration is shown in Table 1. 


pad input pins are internally pulled high. Row and = The MK53731 allows manual dialing of an indefinite 
Column inputs assume opposite states off-hook. — aymber of digits, but if more than 28 digits are dia- 


_The circuit verifies that a valid key has been ente- led, the 53731 will "wrap around". That is, the extra 
red by alternately scanning the Row andColumnin- —_qigits beyond 28 will be stored at the beginning of 


puts. If the input is still valid following 32 ms of de- the LND buffer, and the first 28 digits will no longer 
bounce, the digit is stored into memory, and dialing be available for redial. 
begins after a pre-signal delay of approximately 


Table 2 : DTMF Output Frequency. 


Key Input Standard Frequency . Actual Frequency 


1471.9 


Figure 7 : Tone Mode Timing. 
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Note : For this example, key entries are < 75 ms, but 2 32 ms. 
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Figure 8 : Pulse Mode Timing. 
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NORMAL DIALING (off-hook) 


ie] Le] Le] - 


Normal dialing is straightforward, all keyboard en- 
tries will be stored in the buffer and signaled in suc- 
cession. 


LAST NUMBER DIALED (LND) 


LND 


Last number dialing is accomplished by entering the 
LND key. 


PAUSE 


ERE en ee 


A pause may be entered into the dialed sequence 
at any point by keying in the special function key, 
PAUSE. Pause inserts a 1.1-second delay into the 
dialing sequence. The total delay, including pre-di- 
gital and post-digital pauses is shown in Table 3. 


HOOK FLASH 


-f) pl E] - 


Hook flash may be entered into the dialed searenes | 
at any point by keying in the function key, FLASH. 
Flash consists of a timed Break of 560 ms. The 
FLASH function is stored in memory, but it will not 
be redialed as such. When a FLASH key is pressed, 
no further key inputs will be accepted until the hook- 
flash function (560 ms break) has been dialed. The 
key input following a FLASH will be stored as the ini- 
tial digit of a new number (overwriting the number 
dialed prior to the FLASH) unless it is another 
FLASH. Consecutive FLASH entries after a number 
is dialed will be stored sequentially in the LND me- 
mory and a subsequent LND entry will cause the re- 
dial of that number with a delay, but not hookflash 
breaks, at the end of the redialing sequence. When 
redialing in tone mode, MUTE OUTPUT will remain 
active during the flash delay period. 


SOFTSWITCH 


When dialing in the pulse mode, a softswitch fea- 
ture will allow a change to the tone mode whenever 
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the * key, or SOFTSWITCH, is depressed. Subse- pulse to tone. After returning to on-hook and back 
quent * key inputs will cause the DTMF code for an to off-hook, the part will be in pulse mode. Redial by 
* to be dialed. The softswitch will only switch from the LND key will repeat the softswitch. 


Table 3 : Spécial Function Delays. 


Each delay shown below represents the time required from after the special function key is depressed until 
a new digit can be dialed. 


The time is considered "FIRST" key is all previous inputs have been completed dialed. The time is conside- 
red "AUTO" if in redial, or if previous dialing is still in progress. 


Delay (seconds) 
Function First/Auto 
| Pulse | Tome 
SOFTSWITCH FIRST 4.15 
AUTO 1.85 
PAUSE FIRST 1.84 1.15 
AUTO 2.50 1.20 


ABSOLUTE MAXIMUM RATINGS* 


a 7 
"be Suppy Volga —OSC~=—“‘*‘“*“‘“‘“~*S*SC“‘“‘“‘“~*S*S*é*dSSSC“‘KSCOCSC‘*dSV 
Maximum Power Dissipation @5°0) —SSCSC~S~“~*~dCSSC~«OS*d 
[Maximum Volage on anyPn ——SSCSC~C~—~“~*~“—~*~“~s*~*~*~*~*~*~*é~idSCSi VCS 


* All specifications are for 2.5 Volt operation and full operating temperature range unless otherwise stated. 
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ELECTRICAL CHARACTERISTICS DC Characteristics 


[Ne [Symbol] Parameter Win. | Typ. | Max. | Unit [Notes 


V+ DC Operating Voltage (tone mode) 2.5 V 
TONE 


[| Vin [Memory Retention Votage ——SSC=~=“~*~*~*~—‘—‘s TS PCT 
[iP Stanaby cone SSSC~—~—~—sS~—SsSi we tw 
Tina | Memory Retention Gurent —=~=S~=~=~*~—rS*~‘ir tw | rs | WA | 
[| Wuure | Mute Output Operating votage—=—S=S=~=“*~*sisrSW TTC 
[tr _[ Operating Current tone) —SSSSC~=~S~S~sSCSC*dt (0 | 0 || 
[|e [Operating current (pulse) ——SS~S~SSS*d tg | as | | 


IML Mute Output (2.5 V) 1.0 mA 3 
Sink Current (4.0 V) 3.0 mA 


aa er 

eee Be | 

a | ae a 
[ [kno | Keypad Puliown Resistanco———SSSCSC~SC~*d 
as : Lar | 
| Ve +i 

eed 


Operating Voltage (pulse mode) 1.8 


Notes: 1. Allinputs unloaded. Quiescent Mode (Oscillator off). 

2. All outputs unloaded. Single key input. 

3. Vout = 0.4 Volts. : 

4, Sink Current for Vout = —0.5 Volts. Source Current for Vout = 2.0 Volts. 

5. Memory Retention Voltage is the point where memory is guaranteed but circuit operation is not. 

6. Proper memory retention is guaranteed if either the minimum Imp is provided or the minimum Var. The design does not have to pro- 
vide both the minimum current or voltage simultaneously. 

7. Minimum voltage where activation of mute output with key entry is ensured. 
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AC CHARACTERISTICS - TONE MODE 


Ee srmbel, a puametet__| win. Typ. ex._dnit_nees 
-—|_Tax_{ Tone Quip Ne Key Down 


Tone Output (independent) = -_ oe Ae = - 
Era or Ps ae 


| Pe_| Pre-emphasis, High Band Pre-emphasis, High Band 


Ci Tone Output DC Bias (V+ — 2.5) 22. 25 
(V+ 3.5) 1.5 


ee 
[Ts Tone Ouput fis Tine re 
[|vis [outparpistonion —SC~=“‘~*~*~“~*~*~*~CSC‘i SO PT | | 
[|r [one Signaing Rao ———SSSCS~—~—SCd 8c Pte | 
7 [so [Presignal Dey ——SSSOS~—~—SsS—SsS ms | 


Inter-signal Delay (repertory) pf 4 || ms | 
|__| Tour | Tone Output Duration (repertory) | 74 | ms | 


Notes : 1. OdBm equals 1 mW power into 600 Q or 775 mVolts Important Note. The MK53731 is designed to drive a 10 kQ load. The 600 Q 

load is only for reference. 

2. Single tone (low group) as measured at pin 10 Ta = 25 °C. 

3. Supply voltage = 2.5 to 6 Volts Re = 10 kQ. 

4. Supply voltage = 2.5 Volts. 

5. Time from beginning of tone output waveform to 90 % of final magnitude of either frequency Crystal parameters suggested for pro- 
per operation are Rs < 100 Q, Lm = 96 mH, Cm 0.02 pF, Cn = 5SpF, f = 3.579545 MHz and C, = 18 pF. 

6. Time from initial key input until beginning of signaling. 


AC CHARACTERISTICS - KEYDAP INPUTS, PACIFIER TONE 
(numbers in left hand column refer to the limiting diagrams) 


Keypad Debounce Time 
Keypad Scan meen 


Note: 1. Crystal oscillator accuracy directly affects these times. 


AC CHARACTERISTICS - PULSE MODE OPERATION 


Notes: 1. 10 PPS is the nominal rate. 
2. Figure 8 illustrates this relationship. 
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DIALER WITH FOUR EMERGENCY NUMBERS 


a SINGLE CHIP DTMF AND PULSE DIALER 

» STORES 5 18-DIGIT TELEPHONE NUMBERS, 
INCLUDING LAST NUMBER DIALED 

a SOFTSWITCH CHANGES SIGNALING MODE 
FROM PULSE TO TONE 

s SINGLE BUTTON REDIAL OF ALL 5 MEMO- 
RIES 

» FLASH KEY INPUT INITIATES TIMED HOOK 
FLASH 

» 8 TONES PER SECOND DIALING IN TONE 
MODE AND 10 PPS IN PULSE MODE 

a DIMF ACTIVE UNTIL KEY RELEASE 

= MINIMUM DTMF DURATION/SEPARATION / ORDER CODE : MK53760 NOO 
GUARANTEED (74/54ms) 
CATION OF A VALID KEY INPUT FOR NON- 
DTMF KEY ENTRIES 

» POWERED FROM TELEPHONE LINE, LOW PULSE OUTPUT 
OPERATING VOLTAGE FOR LONG LOOP AP- 
PLICATIONS 


DESCRIPTION 

The MK53760 is a Silicon Gate CMOS IC that pro- AIRE GUTDUT 
vides necessary signals for either DTMF or loop dis- PACIFIER TONE/ 
connect (pulse) dialing. The MK53760 buffers up to CHIP DISABLE 
18 digits into memory that can be later redialed with erie OUaroe 


a single key input. Up to 4 repertory numbers may 
be stored. Users can store all 12 signaling keys and 
access several unique functions with single key en- 
tries. These functions include : Last Number Dialed 
(LND), Softswitch, Flash, and 4 memories. Figure 2 
shows the keypad configuration. 


ALND key input automatically redials the last num- 
ber dialed, and the MEM keys provide single key ac- 
cess to all memory locations for auto-dialing. 

The FLASH key simulates’ a 560ms hook flash to 
transfer calls or to activate other special features 
provided by the PABX or a central office. 

The PAUSE key allows the user to insert a delay in 
dialing for functions such as the pause in accessing 


an outside line when reading from a PABX. | 5 
The PROG key provides an easy way to program a | 
number into any memory location EN: MEM4) MBSMKS 3768-82 


whether on-hook or off-hook. 
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FUNCTIONAL PIN DESCRIPTION 
V+ 


Pin 1. V+ is the positive supply for the circuit and 
must meet the maximum and minimum voltage re- 
quirements (see Electrical Specifications). 


MODE 


Input. Pin 2. MODE determines the dialer’s default 
operating mode. When the device is powered up or 
the hookswitch input is switched from on-hook, (V+), 
to off-hook, (V-), the default determines the signa- 
ling mode. A V+ connection defaults to tone mode 
operation and a V- connection defaults to pulse 
mode operation. 


When dialing in the pulse mode, a softswitch fea- 
ture will allow a change to the tone mode whenever 
the *key, or softswitch, is depressed. Subsequent 
*key inputs will cause the DTMF code for an * to be 
dialed. The softswitch will only switch from pulse to 
tone. After returning to on-hook and back to off- 
hook, the part will be in pulse mode. Redial by the 
LND key will repeat the softswitch. 


C1, C2, C3, C4, R5, R4, R3, R2, R1 
Keyboard inputs. The MK53760 interfaces with ei- 


ther the standard 2-of-9 with negative common or - 


the single-contact (Form A) keyboard. 


A valid keypad and entry is either a single Row 
connected to a single Column or V- simultaneously 
presented to both a single Row and Column. In its 
quiescent or standby state, during normal off-hook 
operation, either the Rows or the Columns are at a 
logic level 1 (V+). Pulling one input low enables the 


on-chip oscillator. Keyboard scanning then begins. | 


Scanning consists of Rows and Columns alternati- 
vely switching high through on-chip pullups. After 
both a Row and Column key have been detected, 
the debounce counter is enabled and any noise 
(bouncing contacts, etc.) is ignored for a debounce 
period (Tkp) of 32ms. At this time, the keyboard is 
sampled and if both Row and Column information 
are valid, the information is buffered into the LND lo- 
cation. If switched on-hook (pin 19 to pin 1), the key- 
board inputs all pull high through on-chip pullup re- 
sistors. 


In the tone mode, if 2 or more keys in the same row 
or column are depressed a single tone will be out- 
put. The tone will correspond to the row or column 
for which the 2 keys were pushed. This feature is for 
test purposes. 


Single tones will not be redialed. 


Also in the tone mode, the output tone is continuous 
in manual dialing as long as the key is pushed. The 
output tone duration follows the table below : 


Table 1: Output Tone Duration. 


Key-Push Time, T* Tone Output* 


T < 32ms No Output Ignored by 
MK53760. 


5 
32ms < T <.75ms + Tkp | 75ms Duration Output. 


T => 75ms + Txp Output Duration = 
T-—Tkp 


*Note : Tin is the key pad debounce time which is typically 32 ms. 


When redialing in the tone mode, each DTMF out- 
put is 75ms duration, and the tone separation (inter- 
signal delay) is 50ns. : 


\- 


Input. Pin 7 is the negative supply input to the de- 
vice. This is the voltage reference for all specifica- 
tions. 


OSC1, OSC2 


Pin 8 (input), pin 9 (output). OSC1 and OSC2 are 
connections to an on-chip inverter used as the ti- 
ming reference for the circuit. It has have sufficient 
loop gain to oscillate when used with a low-cost te- 
levision color-burst crystal. The nominal crystal fre- 
quency is 3.579545MHz and any deviation from this 
standard is directly reflected in the Tone output fre- 
quencies. The crystal oscillator provides the time re- 
ference for all circuit functions. A ceramic resonator 
with tolerance of + 0.25% may also be used. 


DTMF OUTPUT 


Output. Pin 11. An NPN transistor emitter with a col- 
lector tied to V+ drives the DTIMF OUTPUT pin. The 
transistor base is connected to an on-chip operatio- 
nal amplifier that mixes the Row and Column tones. 
Figure 7 shows the timing at this pin. 


The DTMF OUTPUT is the summation of a single 
Row frequency and a single Column frequency and 
a single Column frequency. A typical single tone 
sine wave is shown in figure 4. This waveform is syn- 
thesized using a resistor tree with sinusoidally 
weighted taps. 


The MK53760 is designed to operate from an unre- 
gulated supply : the TONE LEVEL is supply inde- 
pendent, and the single row tone output level will be 
typically : 

Toi = - 12dBm + 1dB 
The DC component of the DTMF output while ac- 
tive is described by the following equation : 


VDC, = 0.3V + + 0.5 Volts 


2/9 
re a ee ee f SGS-THOMSON 
4 cROELECTROMICS 


140 


MK53760 


Figure 3 : MK53760 Functional Block Diagram. 


Figure 5 : Typical Dual Tone. 


Figure 4 : Typical Single Tone. 
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PACIFIER TONE OUTPUT/CHIP DISABLE 
INPUT 


Pin 12. PAC tone is an output. The pacifier tone pro- 
vides audible feedback, confirming that the key has 
been properly entered and accepted. A 500Hz 
square wave is activated upon acceptance of a va- 
lid key input, after the 32ms debounce time. The 
square wave terminates after a maximum of 30ms 
or when the valid key is no longer present. In pulse 
mode, all key entries activate the pacifier tone. In 
tone mode, any non-DTMF key (LND, FLASH, 
MEM, PROG) entry activates the- pacifier tone. 
When programming the chip, all valid key entries ac- 
tivate the pacifier tone in either pullse or tone mode. 


The CHIP DISABLE is an input. When pin 12 is swit- 
ched low, through a resistor (10K to 100K), the 
MK53760 is enabled. When pin 12 is switched to V+ 
through the resistor, all keypad inputs are pulled 
high, and the MK53760 will ignore all keypad inputs. 
When the chip is disabled, it will not dial, and it can- 


Figure 7 : Tone Mode Timing. 


pia sequence [1] [#] [3] 


ENTER ENTER ENTER 

2) ee 

KEYBOARD Ae Wee eet pe 
INPUT 


mESCAN ML JIL reeveoaro scan TNL 
SCAN aitet fas ores, Ghd chalcites ||} || LPS aer ca ee pe pony Nc eepenicers 
' 


HKS 
INPUT 


Notes : 1. For this example, key entries are < 75 ms, but >32 ms. 


2.- MUTE goes active after any key is depressed. 


not be programmed. The chip will only be disabled 
when the circuit is inactive (not dialing) and Pin 12 
is switched high. 


Figure 6 : Typical Spectral Response. 


CTRPY .0 He 
FS 30 Hz 


¥Y8W 320 Nz 


“Oe SS-THOMSON 
7 MICROELECTRONICS 


142 


DIALING SEQUENCE 


KEYBOARD 


ae 


PULSE -5- 
OUTPUT 
8 
—>| 9 


MUTE 
OUTPUT 
meee) 


PACIFIER 
TONE 


HKS IS LOW 
(OFF-HOOK) 


Table 2 : DIMF Output Frequency. 


" MK53760 


Key Input Standard Frequency Actual Frequency 


MUTE OUTPUT 


Output. Pin 13. This pin is the MUTE OUTPUT for 
both tone and pulse modes. Timing is dependent 
upon mode. 


The MUTE OUTPUT consists of an open drain N- 
channel device. During standby, the output is high 
impedance and generally has an external pullup re- 
sistor to the positive supply. 


In the tone mode, MUTE OUTPUT is used to re- 
move the transmitter and the receiver from the net- 
work during DTMF signaling. During dialing, MUTE 
OUTPUT is active continuously until dialing is com- 
pleted. MUTE OUTPUT goes active when any key 
is pushed. 


In the pulse mode, MUTE OUTPUT is used to re- 
move the receiver and the network from the line. Dif- 
ferent circuitry is required for tone and pulse muting 
external to the IC and applications using both modes 


would not necessarily share circuitry. MUTE OUT- 
PUT timing is shown in figure 8 for pulse mode si- 
gnaling and figure 7 for tone mode signaling. MUTE 
OUTPUT is active during each digit, and not active 
during the interdigit time. In both tone and pulse 
modes, MUTE OUTPUT goes active 40ms before 
PULSE OUTPUT for a FLASH. 


HKS 


Input Pin 19. Pin 19 is the hookswitch input to the 
MK53760. This is a high-impedance input and must 
be switched high for on-hook operation or low for of- 
hook operation. A transition on this input causes the 
on-chip logic to initialize, terminating any operation 
in progress at the time. The signaling mode defaults 
to the mode selected at pin 2. Figure 8 illustrates the 
timing for this pin. 
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PULSE OUTPUT 


Output. Pin 20. This is an output consisting of an 
open drain N-channel device. In either pulse or tone 
mode, the FLASH key will cause a 560ms output 
pulse at pin 20. 


DEVICE OPERATION 


When the MK53760 is not actively dialing, it 
consumes very little current. Row and Column in- 
puts assume opposite states off-hook. The circuit 
verifies that a valid key has been entered by alter- 
nately scanning the Row and Column inputs. If the 
input is still valid following 32ms of debounce, the 
digit is stored into memory, and dialing begins after 
a pre-signal delay of approximately 40ms (measu- 
red from initial key closure). Output tone duration is 
shown in table 1. 


The MK53760 allows manual dialing of an indefinite 
number or digits, but if more than 718 digits are dia- 
led per number, the MK53760 "wrap arouna”. That 
is, the extra digits beyond 18 will be stored at the 
beginning of the LND buffer, and the first 18 digits 
will no longer be available for redial. During autodial 
from LND or any MEM location, key inputs are not 
accepted, but they will suspend dialing until relea- 
sed. 


NORMAL DIALING (off-hook) 


DRogor 


Normal dialing is straightforward, all keyboard en- 
_ tries will be stored in the buffer and signaled in suc- 
cession. 


LAST NUMBER DIALED (LND) 
LND 


Last number dialing is accomplished by entering the 
LND key. 


SOFTSWITCH 


When dialing in the pulse mode, a softswitch fea- 
ture will allow a change to the tone mode whenever 
the * key is depressed. Subsequent * inputs will 
cause the DTMF code for an * to be dialed. The 
softswitch will only switch from pulse to tone. After 
returning to on-hook and back to off-hook, the part 
will be in pulse mode. Redial by the LND key will re- 
peat the softswitch. 


HOOK FLASH 


Pe | FLASH a ETC 


Hook flash may be entered into the dialed sequence 
at any point by keying in the function key, FLASH. 
Flash consists of a timed Break of 560ms. The 
FLASH function is stored in memory, but it will not 
be redialed as such. Whena FLASH key is pressed, 
no further key inputs will be accepted until the hook- 
flash function (560ms break) has been dialed. The 
key input following a FLASH will be stored as the ini- 
tial digit of a new number (overwriting the number 
dialed prior to the FLASH) unless it is another 
FLASH. Consecutive FLASH entries after a number 
is dialed will be stored sequentially in the LND me- 
mory and a subsequent LND entry will cause the re- 
dial of that number with a delay, but not hookflash 
breaks, at the end of the redialing sequence. When 
redialing in tone mode, MUTE OUTPUT will remain 
active during the flash delay period. 


PAUSE 


A Pause may be entered into the dialed sequence 
at any point by keying in the special function key, 
PAUSE. Pause inserts a 1.1-second delay into the 
dialing sequence. The total delay, including pre-di- 
gital and post-digital pauses is shown in table 3. 


PROGRAMMING AND REPERTORY 
DIALING 

PROGRAMMING AND REPERTORY DIALING 
Programming is independent of HKS (pin 19) and 
MODE (pin 2). 

To program, enter the following : 

PROG, Digit 1, Digit 2, .... MEM (Location 1-4). 
When programming, dialing is inhibited. 

To dial anumber from repertory memory (HKS must 
be low) enter the single key : 


MEM (location 1 - 4) 
To save the last number dialed : PROG, MEM (lo- 
cation 1 - 4) 
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Table 3 : Special Function Delays. 


Each delay shown below represents the time required from after the special function key is depressed until 
a new digit can be dialed. 


The time is considered "FIRST" key is all previous inputs have been completed dialed. The time is conside- 
red "AUTO" if in redial, or if previous dialing is still in progress. 


Delay (seconds) 


Tone 


SOFTSWITCH FIRST 0.40 
AUTO 1.10 
PAUSE FIRST ~ - 1.84 1.15 
AUTO 2.50 ; 1.20 
ABSOLUTE MAXIMUM RATINGS * 


DC Supply Voltage 
Operating Temperature 


V 
°C 
°C 


Maximum Power Dissipation (25°C) 
Maximum Voltage on any Pin (V +) +3, (V-)— 


* All specifications are for 2.5 Volt operation and full operating temperature range unless otherwise stated. 


Unit 
a 
Eee 
Storage Temperature | = 55to+ 125 =| CC 
biel 


ELECTRICAL CHARACTERISTICS 


DC CHARACTERISTICS 


si Max, 
V+ DC Operating Voltage 2.5 
TONE | (tone mode) 


Vur_ Memory Retention Voltage 1.5 
Standby Current | fo4] tol pal 1 | 
Memory Retention Current | [o.i5|o75] pA] 5,6 | 

Vmute | Mute Output Operating Voltage bo a ae se 
| tr [Operating Current (tone) | 800 | GOO | WA | 2 
Operating Current (pulse) | | 150} 250] pA | 2. | 


Operating Current On-Hook Program Mode 
200 | pA 
1 | BA 


Key Operated 
No-Key Operated 
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ELECTRICAL CHARACTERISTICS (continued) 
DC CHARACTERISTICS (continued) 


Mute Output (2.5V) 
Sink Current Si OV) 


Se 3 
| tro | Pacifier Tone Sink/Source 
| Kru | Keypad Pullup Resistance 
_Keo__| Keypad Fubtown Resins 


Keypad Input Level-Low 
Keypad Input Level-High 


Operating Voltage (pulse mode) 


Notes : 


1. Allinputs unloaded. Quiescent Mode (oscillator off). 

2. All outputs unloaded, single key input. 

3. Vour = 0.4 Volts. 

4. Sink Current for Vout = 0.5 volts, Source Current for Vout = 2.0 Volts. 

5. Memory Retention Voltage i is the point where memory is guaranteed but circuit operation is not. 

6. Proper memory retention is guaranteed if either the minimum Ima is provided or the minimum Vwmr. The design does not have to pro- 
vide both the minimum current or voltage simultaneously. 

7. Minimum voltage where activation of mute output with key entry is ensured. 


AC CHARACTERISTICS - TONE MODE 


Lae pee a 
Typ wee 
pf Ta Tone | Tone OutputNo KeyDown = a ssid No Key Down 


Tone Output (independent) a a 2 gaa 
173 | 194 a 7 


a Pre-Emphasis, High Band 


2.0 | 2.4 | 
Tone Output DC Bias (V + = 2.5) 1.25 
(V + =3.5) 1.5 


|__| Re | Tone outputtoad Cte fe a 
[ [Tats [Tone Output Rise Time SSS~=<“—~*~*é‘—S*‘ir | ms | 
| DIS | Output Distortion Tf OBO] HM] 3 | 
| __[| TR |ToneSsignaingRate | | sec] 
| 1 | Teso | PreSignalDelay Sd || ms | 
Inter-Signal Delay (repertory) | [54] fms} | 
|__| Tour | Tone Output Duration (repertory) | 74 | [ms | 


Notes : 1. OdBm equals 1mW power into 600 ohms or 775mV. Important Note : The MK53760 is designed to drive a 10 kQ load. The 600Q 
load is only for reference. 

. Single tone (low group) as measured at pin 10, Ta = 25°C. 

. Supply voltage = 2.5 to 6V, Re = 10 kQ. 

. Supply voltage = 2.5V. These specifications are supply-dependent 

. Time from beginning of tone output waveform to 90 % of final magnitude of either frequency. Crystal parameters suggested for pro- 
per operation are Rs < 100 ohms, Lm = 96MH, Cm = 0.02pF, Cn = 5pF, f = 3.579545MHz, and C, = 18pF 

. Time from initial key input unti! beginning of signaling. 


or & © Po 


oO 
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ELECTRICAL CHARACTERISTICS (continued) 


AC CHARACTERISTICS — KEYPAD INPUTS, PACIFIER TONE 
(numbers in left hand column refer to the timing diagrams.) 


Min. 
| 3 | Tko | Keypad DebounceTime | 
es eee ae 
| | Fer | Frequency PaciierTone | 00] | He | 
| 4 | Ter | Pacifier Tone Duration | Ts | 
|| Tree | Hookflash Timing Te] ms | 


Notes : 1. Crystal oscillator accuracy directly affects these times. 


AC CHARACTERISTICS — PULSE MODE OPERATION 


feminine] | 


ie ef Pa J PUbeRates 5 es 
| 5 | POP | PredigitalPause | a | ms | 
| 6 | WP | Interdigital Pause | 40 || ms | 


| 8 | Te | Breaktime lms |? 
| 9 | Tu | MakeTime 0 lms | 


Notes: 1. 10 PPS is the nominal rate 
2. Figure 8 illustrates this relationship. 
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REPERTORY DIALER 


{57 SGS-THOMSON 
| 


a» SINGLE CHIP DTMF AND PULSE DIALER 

a SOFTSWITCH CHANGES SIGNALING MODE 
FROM PULSE TO TONE 

a NINE NUMBER REPERTORY PLUS RECALL 
OF LAST NUMBER DIALED (18 digits each) 

m» FLASH KEY INPUT INITIATES TIMED HOOK 
FLASH 

a 8 TONE PER SECOND DIALING IN TONE 
MODE AND 10 PPS IN PULSE MODE 

m DIMF ACTIVE UNTIL KEY RELEASE 

» MINIMUM DTMF DURATION/SEPARATION 


GUARANTEED (74/54 ms) 

» PACIFIER TONE PROVIDES AUDIBLE INDI- SRD CRUE a Mnoor ele! 
CATION OF VALID KEY INPUT FOR NON- 
DTMF KEY ENTRIES Figure 1 : Pin Connection. 


» POWERED FROM TELEPHONE LINE, LOW 
OPERATING VOLTAGE FOR LONG LOOP AP- 
PLICATIONS 


PULSE OUTPUT 


MUTE OUTPUT 


PACIFIER TONE/ 
CHIP DISABLE 
DTMF OUTPUT 


DESCRIPTION 


The MK53761 is a Silicon Gate CMOS IC that pro- 
vides necessary signals for either DTMF or loop dis- 
connect (pulse) dialing. The MK53761 buffers up to 
18 digits into memory that can be later redialed with 
a single key input. Up to nine repertory numbers 
may be stored. Users can store all 12 signaling keys : 
and access several unique functions with singlekey Figure 2: 
entries. These functions include : Last Number Dia- 

led (LND), Softswitch, and Flash. Figure 2 shows 

the keypad configuration. 


ALND key input automatically redials the last-num- 
ber dialed. The PROG key provides an easy way to 
program a number into any memory location (1-9) 
whether on-hook on off-hook. The MEM key allows 
easy redialing of the number stored in memory lo- 
cations (1-9). 

The FLASH key simulates a 560 ms hook flash to 
transfer calls or to activate other special features 
provided by the PABX or a central office. N@BNK5S3761-81A 


"-©o© @n OW a& WO WD = 


January 1989 ’ 1/8 


. 149 


MK53761 


FUNCTIONAL PIN DESCRIPTION 


V+ 


Pin 1. V+ is the positive supply for the circuit and 
must meet the maximum and minimum voltage re- 
quirements. (see electrical specifications). 


MODE 


Input. Pin 2. MODE determines the dialer’s default 
operating mode. When the device is powered up or 
the hookswitch input is switched from on-hook, (V+), 
to off-hook, (V—), the default determines the signa- 
ling mode. A V+ connection defaults to tone mode 
operation and a V— connection defaults to pulse 
mode operation. 


When dialing in the pulse mode, a softswitch fea- 
ture will allow a change to the tone mode whenever 
the * key, or softswitch, is depressed. Subsequent 
* key inputs will cause the DTMF code for an * to be 
dialed. The softswitch will only switch from pulse to 
tone. After returning to on-hook and back to off- 
hook, the part will be in pulse mode. Redial by the 
LND key will repeat the softswitch. 


C1, C2, C3, C4, R4, R3, R2, R1 


Keyboard inputs. The MK53761 interfaces with ei- 
ther the standard 2-of-8 with negative common or 
the singlecontact (Form A) keyboard. 


A valid keypad entry is either a single Row connec- 
ted to a single Column or V— simultaneously presen- 
ted to both a single Row and Column. In its quies- 
cent or standby state, during normal off-hook ope- 
ration, either the Rows or the Columns are at a lo- 
gic level 1 (V+). Pulling one input low enables the 
on-chip oscillator. Keyboard scanning then begins. 
Scanning consists of Rows and Columns alternate- 
ly switching high through on-chip pullups. After both 
a Row and Column key have been detected, the de- 
bounce counter is enabled and any noise (bouncing 
contacts, etc.) is ignored for a debounce period 
(Tkp) of 32 ms. At this time, the keyboard is sam- 
pled and if both Row and Column information are 
valid, the information is buffered into the LND loca- 
tion. If switched on-hook (pin 17 to pin 1), the key- 
board inputs all pull high through on-chip pullup re- 
sistors. 


In the tone mode, if 2 or more keys in the same row 
or if 2 or more keys in the same column are depres- 
sed a single tone will be output. The tone will corres- 
pond to the row or column for which the 2 keys were 
pushed. This feature is for test purposes, and sin- 
gle tones will not be redialed. 


Also in the tone mode, the output tone is continuous 
is manual dialing as long as the key is pushed. The 
output tone duration follows the table 1. 


Table 1 : Output Tone Duration. 


Key-Push Time, T* Tone Output* 


T <32 ms No Output Ignored by 
MK53761 
32 ms < T < 75 ms + Txp| 75 ms Duration Output 


T275 ms + Txp ‘Output Duration = 
£ T-Txp 


TKD is the key pad debounce time which is typically 32 ms. 


When redialing in the tone mode, each DTMF out- 
put is 75 ms duration, and the tone separation (in- 
tersignal delay) is 50 ms. 


V- 


Input. Pin 6 is the negative supply input to the de- 
vice. This is the voltage reference for all specifica- 
tions. 


OSC1, OSC2 


Pin 7 (input), pin 8 (output). OSC1 and OSC2 are 
connections to an on-chip inverter used as the ti- 
ming reference for the circuit. It has sufficient loop 
gain to oscillate when used with a low-cost televi- 
sion color-burst crystal. The nominal crystal fre- 
quency is 3.579545 MHz and any deviation from this 
standard is directly reflected in the Tone output fre- 
quencies. The crystal oscillator provides the time re- 
ference for all circuit functions. A ceramic resonator 
with tolerance of + 0.25 % may also be used. 


DTMF OUTPUT 


Output. Pin 10. An NPN transistor emitter with a col- 
lector tied to V+ drives the DTMF OUTPUT pin. The 
transistor base is connected to an on-chip operatio- 
nal amplifier that mixes the Row and Column tones. 
Figure 7 shows the timing at this pin. 


The DTMF OUTPUT is the summation of a single 
Row frequency and a single Column frequency. A 
typical single tone sine wave is shown in Figure 4. 
This waveform is synthesized using a resistor tree 
with sinusoidally weighted taps. 


* 


The MK53761 is designed to operate from an unre- 
gulated supply ; the TONE LEVEL is supply inde- 
pendent, and the single row tone output level will be 
typically : 

Toi = -12 dBm + 1 dB 


The DC component of the DTMF output while ac- 
tive is described by the following equation : 


VDC, = 0.3 V+ + 0.5 Volts 
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Figure 3 : MK53761 Functional Block Diagram. 
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Figure 5 : Typical Dual Tone. 


Figure 4 : Typical Single Tone. 
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Figure 6 : Typical Spectral Response. 


REF 398m MAKER 700.0 -Hz ~ 


V 
10 dB/DIV . RANGE 398mV 191 mV 


STOP 5 000.0 Hz 
ST 17.4 SEC 


START .0 Hz 
RWB 30 Hz 


VBW 30 Hz 
PACIFIER TONE OUTPUT/CHIP DISABLE 
INPUT 


Output. Pin 11. The pacifier tone provides audible 
feed-back, confirming that the key has been proper- 


Table 2 : DIMF Output Frequency. — 


ly entered and accepted. A 500 Hz square wave is 
activated upon acceptance of a valid key input, af- 
ter the 32 ms debounce time. The square wave ter- 
minates after a maximum of 30 ms or when the va- 
lid key is no longer present. In pulse mode, all key 
entries activate the pacifier tone. In tone mode, any 
non-DTMF key (LND, FLASH, MEM, PROG) entry 
activates the pacifier tone. When programming the 
chip, all valid key entries activate the pacifier tone in 
either pulse or tone mode. 


The CHIP DISABLE is an input. When pin 11 is swit- © 
ched low through a resistor (10 K to 100 kK), the 
MK53761 is enabled. When pin 11 is switched to V+ 
through the resistor, all keypad inputs are pulled 
high, and the MK53761 will ignore all keypad inputs. 
When the chip is disabled, it will not dial, and it can- 
not be programmed. The chip can only be disabled 
when the Circuit is inactive (not dialing) and Pin 12 
is switched high. 


Key Input Standard Frequency Actual Frequency 


MUTE OUTPUT 


Output. Pin 12. This pin is the MUTE OUTPUT for 
both tone and pulse modes. Timing is dependent 
upon mode. 


The MUTE OUTPUT consists of an open drain N- 
channel device. During standby, the output is high 
impedance and generally has an external pullup re- 
sistor to the positive supply. 


In the tone mode, MUTE OUTPUT is used to re- 
move the transmitter and the receiver from the net- 
work during DTMF signaling. During dialing, MUTE 
OUTPUT is active continuously until dialing is com- 
pleted. MUTE OUTPUT goes active when any key 
is pushed. 
In the pulse mode, MUTE OUTPUT is used to re- 
move the receiver and the network from the line. Dif- 
ferent circuitry is required for tone and pulse muting 
external to the IC and applications using both modes 
would not necessarily share circuitry. MUTE OUT- 
PUT timing is shown in Figure 8 for pulse mode si- 


gnaling and Figure 7 for tone mode signaling. MUTE 
OUTPUT is active during each digit, and not active 
during the interdigit time. In both tone and pulse 
modes, MUTE OUTPUT goes active 40 ms before 
PULSE OUTPUT for a FLASH. Figure 8 illustrates 
the timing for this pin. 


HKS 


Input. Pin 17. Pin 17 is the hookswitch input to the 
MK53761. This is a high-impedance input and must 
be switched high for on-hook operation or low for 
off-hook operation. A transition on this input causes 
the on-chip logic to initialize, terminating any opera- 
tion in progress at the time. The signaling mode de- 
faults to the mode selected at pin 2. 


PULSE OUTPUT 


Output. Pin 18. This is an output consisting of an 
open drain N-channel device. In either pulse or tone 
mode, the FLASH key will cause a 560 ms output 
pulse at pin 18. 
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Figure 7 : Tone Mode Timing. 


DIAL SEQUENCE [*] [+] [>] 


ENTEA ENTER ENTER 


[-]} Cruse] 


KEYBOARD 
INPUT 


HKS 
INPUT 


.MUTE 
OutTPUT 


Notes : 1. For this example, key entries are < 75 ms, but >32 ms. 
2. MUTE goes active after any key is depressed. 


Figure 8 : Pulse Mode Timing.. 


KEYBOARD 
INPUT 


MUTE 
OUTPUT 


TONE 


’ HKS IS LOW 
(OFF-HOOK) 
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DEVICE OPERATION 


When the MK53761 is not actively dialing, it 
consumes very little current. Row and Column in- 
puts assume opposite states off-hook. The circuit 
verifies that a valid key has been entered by alter- 
nately scanning the Row and Column inputs. If the 
input is still valid following 32 ms of debounce, the 
digit is stored into memory, and dialing begins after 
a pre-signal delay of approximately 40 ms (measu- 
red from initial key closure). Output tone duration is 
shown in Table 1. 


The MK53761 allows manual dialing of an indefinite 
number of digits, but if more than 18 digits are dia- 
led per number, the 53761 will "wrap around”. That 
is, the extra digits beyond 18 will be stored at the 
beginning of the LND buffer, and the first 18 digits 
will no longer be available for redial. During autodial 
from LND or any memory location, key inputs are 
not accepted, but they will suspend dialing until re- 
leased. 


NORMAL DIALING (off-hook) 


ay Fed ie) 


Normal! dialing is straightforward, all keyboard en- 
tries will be stored in the buffer and signaled in suc- 
cession. 


LAST NUMBER DIALED (LND) 


LND \ 


Last number dialing is accomplished by entering the 
LND key. 


HOOK FLASH 


Biceo 


Hook flash may be entered into the dialed sequence 
at any point by keying in the function key, FLASH. 


Flash consists of a timed Break of 560 ms. The 
FLASH function is stored in memory, but it will not 
be redialed as such. When a FLASH key is pressed, 
no further key inputs will be accepted until the hook- 
flash function (560 ms break) has been dialed. The 
key input following a FLASH will be stored as the ini- 
tial digit of a new number (overwriting the number 
dialed prior to the FLASH) unless it is another 
FLASH. Consecutive FLASH entries after a number 
is dialed will be stored sequentially in the LND me- 
mory and a subsequent LND entry will cause the re- 
dial of that number with a delay, but not hookflash 
breaks, at the end of the redialing sequence. When 
redialing in tone mode, MUTE OUTPUT will remain 
active during the flash delay period. 


SOFTSWITCH 


When dialing in the pulse mode, a softswitch fea- 
ture will allow a change to the tone mode whenever 
the * key is depressed. Subsequent * key inputs will 
cause the DTMF code for an * to be dialed. The 
softswitch will only switch from pulse to tone. After 
returning to on-hook and back to off-hook, the part 
will be in pulse mode. Redial by the LND key will re- 
peat the softswitch. 


PROGRAMMING AND REPERTORY DIALING 


Programming is independent of HKS (pin 17) and 
MODE (pin 2). 


To program, enter the following : 
PROG, Digit 1, Digit 2, ..., MEM, Location (1-9). 
When programming, dialing in inhibited. 


To dail a number from repertory memory (HKS must 
be low) enter the following : 


MEM, Location (1-9). 


To save the last number dialed : PROG, MEM, Lo- 
cation (1-9). 
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Table 3 : Special Function Delays. 


Each delay shown below represents the time required from after the special function key is depressed until 
a new digit can be dialed. 

The time is considered "FIRST" key is all previous inputs have been completed dialed. The time is conside- 
red "AUTO" if in redial, or previous dialing is still in progress. 


; Delay (seconds) 
First/Auto 
ee 


Lia a 
: AUTO 1.10 
ABSOLUTE MAXIMUM RATINGS* : 


rameter ani 
Maximum Power Dissipation (@5°0)—SSCS~C~CSC‘C~*~*~«aSSSC*dC 


* All specifications are for 2.5 Volt operation and full operating temperature range unless otherwise stated. 


ELECTRICAL CHARACTERISTICS 
DC CHARACTERISTICS 
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| Symbol | Parameter” 
TONE tone mode 
| is | Standby Current 
| _Ivr | Memory Retention Current 
| Ip ___| Operating Current (pulse) 
Operating Current On-hook Program Mode 
Key Operated 
No-key Operated 
Sink Current (4.0 Volts) 
Keypad Pullup Resistance 
Keypad Input Level-high 
Operating Voltage (pulse mode) 1.8 
Notes : 1. All inputs unloaded. Quiescent mode (oscillator off). 
. All outputs unloaded, single key input. 
. Vout = 0.4 Volts. 
. Sink current for Vout = 0.5 Volts, Source Current for Vout = 2.0 Volts. 
. Memory Retention Voltage is the point where memory is guaranteed but circuit operation is not. 
. Proper memory retention is guaranteed if either the minimum Imr is provided or the minimum Var. The design does not have to pro- 
vide both the minimum current or voltage simultaneously. 
Minimum voltage where activation of mute output with key entry is ensured. 


ooh GD 


N 
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ELECTRICAL CHARACTERISTICS (continued) 
AC CHARACTERISTICS — TONE MODE 


| Ne | Parameter |Min. | Typ. | Max. | Unit | Notes 
| | Tw _| Tone Outputno KeyDown | | | 80 | Bm | 
aS EE F 
|| PE: | Pre-emphasis, High Band | 6 | 20 | 24 | eB | 
BB sical = UE PY ical 
; (V + =3.5) 1.6 V 
| | Re | Tone Outputtoad | te 
[| | Tris | Tone OutputRise Time | tt | ms | 
| | is | Output Distortion | 8 | 8 | | 8 
|__| TR__| Tone Signaling Rate a 
| 1 | Teso_| PresignalDelay | ms | 
| Ee? aa eS 
ms || 


4 
i re ee 


Notes : 1. OdBm equals 1 mW power into 600 Q or 775 mVolts.Important note : the MK53761 is designed to drive a 10 kQ load. The 600 2 
« load is only for reference. 
2. Single tone (low group), as measured at pin 10, Ta = 25°C. 
~  3., Supply voltage = 2.5 to 6 volts, Re= 10 kQ. 
; 4 : 
5 


. Supply voltage = 2.5 volts. , 
. Time from beginning of tone output waveform to 90 % of final magnitude of either frequency. Crystal parameters suggested for pro- 
per operation are Rs < 100 Q, Lm = 96 MH, Cm = 0.02 pF, Ch = 5 pF, f = 3.579545 MHz, and C, = 18 pF. 


. Time from initial key input until beginnig of signaling. 


AC CHARACTERISTICS — KEYPAD INPUTS, PACIFIER TONE 
' (numbers in left hand column refer to the timing diagrams.) 


Oo) 


Note: 1. Crystal oscillator accuracy directly affects these times 


AC CHARACTERISTICS — PULSE MODE OPERATION 


Mute Overlap Time 


Make Time 


\ 


Notes: 1. 10PPS is the nominal rate. 
2. Figure 8 illustrates this relationship. 
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» SINGLE CHIP DTMF AND PULSE DIALER 

=» STORES 10 18-DIGIT TELEPHONE NUM- 
BERS, INCLUDING LAST NUMBER DIALED 

a SOFTSWITCH CHANGES SIGNALING MODE 
FROM PULSE TO TONE 

a SINGLE BUTTON REDIAL OF ALL TEN MEMO- 
RIES 

a FLASH KEY INPUT INITIATES TIMED HOOK 
FLASH 

a 8 TONES PER SECOND DIALING IN TONE 
MODE AND 10 PPS IN PULSE MODE 

a DIMF ACTIVE UNTIL KEY RELEASE 

a MINIMUM DTMF DURATION/SEPARATION 
GUARANTEED (74/54 ms) 

a» PACIFIER TONE PROVIDES AUDIBLE INDI- 
CATION OF A VALID KEY INPUT FOR NON- 
DTMF KEY ENTRIES 

ne POWERED FROM TELEPHONE LINE, LOW 
OPERATING VOLTAGE FOR LONG LOOP AP- 
PLICATIONS 


_ DESCRIPTION 


The MK53762 is a Silicon Gate CMOS IC that pro- 


_ vides necessary signals for either DTMF or loop dis- 


connect (pulse) dialing. The MK53762 buffers up to 
18 digits into memory that can be later redialed with 
a single key input. Up to nine repertory numbers 


| may be stored. Users can store all 12 signaling keys 
- and access several unique functions with single key 


entries. These functions include : Last Number Dia- 
led (LND), Softswitch, Flash, and 9 memories. Fi- 
gure 2 shows the keypad configuration. 


ALND key input automatically redials the last num- 
ber dialed, and the MEM keys provide single key ac- 
cess to all memory locations for auto-dialing. 

The FLASH key simulates a 560 ms hook flash to 
transfer calls or to activate other special features 
provided by the PABX or a central office. 

The PAUSE key allows the user to insert a delay in 
dialing for functions such as the pause in accessing 
an outside line when redialing from a PABX. 


~ The PROG key provides an easy way to program a 


number into any memory location (MEM 1 - MEM 9) 


whether on-hook or off-hook. 


: January 1989 


MK53762 


REPERTORY DIALER 


Figure 1 : Pin Connection. 
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FUNCTIONAL PIN DESCRIPTION 


V+ 


Pin 1. V+ is the positive supply for the circuit and 
must meet the maximum and minimum voltage re- 
quirements. (see Electrical Specifications). 


MODE 


Input. Pin 2. MODE determines the dialer’s default 
operating mode. When the device is powered up or 
the hookswitch input is switched from on-hook, (V+), 
to off-hook, (V—), the default determines the signa- 
ling mode. A V+ connection defaults to tone mode 
operation and a V— connection defaults to pulse 
mode operation. 


When dialing in the pulse mode, a softswitch fea- 
ture will allow a change to the tone mode whenever 
the * key, or softswitch, is depressed. Subsequent 
* key inputs will cause the DTMF code for an * to be 
dialed. The softswitch will only switch from pulse to 
tone. After returning to on-hook and back to off- 
hook, the part will be in pulse mode. Redial by the 
LND key will repeat the softswitch. 


C1, C2, C3, C4, C5, R5, R4, R3, R2, Rt 


Keyboard inputs. The MK53762 interfaces with ei- 
ther the standard 2-of-10 with negative common or 
the single-contact (Form A) keyboard. 


A valid keypad entry is either a single Row connec- 
ted to asingle Column or V—simultaneously presen- 
ted to both a single Row and Column. In its quies- 
cent or standby state, during normal! off-hook ope- 
ration, either the Rows or the Columns are at a lo- 
gic level 1 (V+). Pulling one input low enables the 
on-chip oscillator. Keyboard scanning then begins. 
Scanning consists of Rows and Columns alternate- 
ly switching high through on-chip pullups. After both 
a Row and Column key have been detected, the de- 
bounce counter is enabled and any noise (bouncing 
contacts, etc.) is ignored for a debounce period 
(Tkp) of 32 ms. At this time, the keyboard is sam- 
pled and if both Row and Column information are 
valid, the information is buffered into the LND loca- 
tion. If switched on-hook (pin 19 to pin 1), the key- 
board inputs all pull high through on-chip pullup re- 
sistors. 


In the tone mode, if 2 or more keys in the same row 
or column are depressed a single tone will be out- 
put. The tone will correspond to the row or column 
for which the 2 keys were pushed. This feature is for 
test purposes. 


single tones will not be redialed. 
.Also in the tone mode, the output tone is continuous 


in manual dialing as long as the key is pushed. The 
output tone duration follows the table below : 


Table 1 : Output Tone Duration. 


Key-Push Time, T* Tone Output* 


T < 32 ms No output. Ignored by 
MK53762. 


32 ms <T < 75 ms + Txp| 75 ms Duration Output. 


T>75ms+Txp Output Duration = 
T-Txp 


*Note : Ti is the key pad debounce time which is typically 32 ms. 


When redialing in the tone mode, each DTMF out- 
put is 75 ms duration, and the tone separation (in- 
tersignal delay) is 50 ms. 


V- 

Input. Pin 7 is the negative supply input to the de- 
vice. This is the voltage reference for all specifica- 
tions. 


OSC1, OSC2 


Pin 8 (input), pin 9 (output). OSC1 and OSC2 are 
connections to an on-chip inverter used as the ti- 
ming reference for the circuit. It has have sufficient 
loop gain to oscillate when used with a low-cost te- 
levision color-burst crystal. The nominal crystal fre- 
quency is 3.579545 MHz and any deviation from this 
standard is directly reflected in the Tone output fre- 
quencies. The crystal oscillator provides the time re- 
ference for all circuit functions. A ceramic resonator 
with tolerance of +0.25 % may also be used. 


DTMF OUTPUT 


Output. Pin 11. An NPN transistor emitter with a col- 
lector tied to V+ drives the DTMF OUTPUT pin. The 
transistor base is connected to an on-chip operatio- 
nal amplifier that mixes the Row and Column tones. 
Figure 7 shows the timing at this pin. 


The DTMF OUTPUT is the summation of a single 
Row frequency and a single Column frequency. A 
typical single tone sine wave is shown in Figure 4. 
This waveform is synthesized using a resistor tree 
with sinusoidally weighted taps. _— : 

The MK53762 is designed to operate from an unre- 
gulated supply ; the TONE LEVEL is supply inde- 
pendent, and the single row tone output level will be 
typically : 

Toi = - 12 dBm +1 dB 

The DC component of the DTMF output while ac- 
tive is described by the following equation : 


VDC, = 0.3 V+ + 0.5 Volts 
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Figure 3 : MK53762 Functional Block Diagram. 
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PACIFIER TONE OUTPUT/CHIP DISABLE 
INPUT 


Pin 12. PAC tone is an output. The pacifier tone pro- 
vides audible feedback, confirming that the key has 
been properly entered and accepted. A 500 Hz 
square wave is activated upon acceptance of a va- 
lid key input, after the 32 ms debounce time. The 
square wave terminates after a maximum of 30 ms 
or when the valid key is no longer present. In pulse 
mode, all key entries activate the pacifier tone. In 
tone mode, any non-DTMF key (LND, FLASH, 
MEM, PROG) entry activates the pacifier tone. 
When programming the chip, all valid key entries ac- 
tivate the pacifier tone in either pullse or tone mode. 


The CHIP DISABLE is an input. When pin 12 is swit- 
ched low through a resistor (10 K to 100 K), the 
MK53762 is enabled. When pin 12 is switched to V+ 
through the resistor, all keypad inputs are pulled 
high, and the MK53762 will ignore all keypad inputs. 
When the chip is disabled, it will not dial, and it can- 


Figure 7 : Tone Mode Timing. 


DIAL SEQUENCE [+] [=] [rtasn | [2] 


ENTER 


L 


KEYBOARD 
INPUT 


Notes: 1. For this example, key entries are < 75 ms, but >32 ms. 


2. MUTE goes active after any key is depressed. 


not be programmed. The chip will only be disabled 
when the circuit is inactive (not dialing) and Pin 12 
is switched high. 


Figure 6 : Typical Spectral Response. 


STRPT .0 Hz 
Fw 30 Hz 


¥YBR 30 Hz 
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Figure 8 : Pulse Mode Timing. 


DIALING SEQUENCE 


a 


KEYBOARD 
INPUT 


he 
wher 


MUTE 
OUTPUT 


PACIFIER 
TONE 


HKS IS LOW 
(OFF-HOOK) 


Table 2 : DTMF Output Frequency. 


MK53762 


Key Input Standard Frequency Actual Frequency 


MUTE OUTPUT 


Output. Pin 13. This pin is the MUTE OUTPUT for 
both tone and pulse modes. Timing is dependent 
upon mode. 


The MUTE OUTPUT consists of an open drain N- 
channel device. During standby, the output is high 
impedance and generally has an external pullup re- 
sistor to the positive supply. 


In the tone mode, MUTE OUTPUT is used to re- 
move the transmitter and the receiver from the net- 


work during DTMF signaling. During dialing, MUTE | 
OUTPUT is active continuously until dialing is com- 


pleted. MUTE OUTPUT goes active when any key 
is pushed. 


In the pulse mode, MUTE OUTPUT is used to re- 
move the receiver and the network from the line. Dif- 
ferent circuitry is required for tone and pulse muting 
external to the IC and applications using both modes 


would not necessarily share circuitry. MUTE OUT- 
PUT timing is shown in Figure 8 for pulse mode si- 
gnaling and Figure 7 for tone mode signaling. MUTE 
OUTPUT is active during each digit, and not active 
during the interdigit time. In both tone and pulse 
modes, MUTE OUTPUT goes active 40 ms before 
PULSE OUTPUT for a FLASH. 


HKS 


Input. Pin 19. Pin 19 is the hookswitch input to the 
MK53762. This is a high-impedance input and must 
be switched high for on-hook operation or low for 
off-hook operation. A transition on this input causes 
the on-chip logic to initialize, terminating any opera- 
tion in progress at the time. The signaling mode de- 
faults to the mode selected at pin 2. Figure 8 illus- 
trates the timing for this pin. 
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PULSE OUTPUT 


Output. Pin 20. This is an output consisting of an 
open drain N-channel device. In either pulse or tone 
mode, the FLASH key will cause a 560 ms output 
pulse at pin 20. 


DEVICE OPERATION 


When the MK53762 is not actively dialing, it 
consumes very little current. Row and Column in- 
puts assume opposite states off-hook. The circuit 
verifies that a valid key has been entered by alter- 
nately scanning the Row and Column inputs. If the 
input is still valid following 32 ms of debounce, the 
digit is stored into memory, and dialing begins after 
a pre-signal delay of approximately 40 ms (measu- 
red from initial key closure). Output tone duration is 
shown in Table 1. 


The MK53762 allows manual dialing of an indefinite 
number of digits, but if more than 18 digits are dia- 
led per number, the 53762 will "wrap around”. That 
is, the extra digits beyond 18 will be stored at the 
beginning of the LND buffer, and the first 18 digits 
will no longer be available for redial. During autodial 


from LND or any MEM location, key inputs are not’ 


accepted, but they will suspone dialing until relea- 
sed. 


NORMAL DIALING (off-hook) 


ie} te} Le] 


Normal dialing is straightforward, all keyboard en- 
tries will be stored in the buffer and signaled in suc- 
cession. 


LAST NUMBER DIALED (LND) 


LND 


Last number dialing is accomplished by entering the 
LND key. 


SOFTSWITCH 


When dialing in the pulse mode, a softswitch fea- 
ture will allow a change to the tone mode whenever 
the * key is depressed. Subsequent * inputs will 
cause the DTMF code for an * to be dialed. The 
softswitch will only switch from pulse to tone. After 
returning to on-hook and back to off-hook, the part 
will be in pulse mode. Redial by the LND key will re- 
peat the softswitch. 


HOOK FLASH 


FLAS ETC 


Hook flash may be entered into the dialed sequence 
at any point by keying in the function key, FLASH. 
Flash consists of a timed Break of 560 ms. The 
FLASH function is stored in memory, but it will not 
be redialed as such. When a FLASH key is pressed, 
no further key inputs will be accepted until the hook- 
flash function (560 ms break) has been dialed. The 
key input following a FLASH will be stored as the ini- 
tial digit of a new number (overwriting the number 
dialed prior to the FLASH) unless it is another 
FLASH. Consecutive FLASH entries after a number 
is dialed will be stored sequentially in the LND me- 
mory and a subsequent LND entry will cause the re- 
dial of that number with a delay, but not hookflash 
breaks, at the end of the redialing sequence. When 
redialing in tone mode, MUTE OUTPUT will remain 
active during the flash delay period. 


~ PAUSE 


| bl [el 


A Pause may be entered into the dialed sequence 
at any point by keying in the special function key, 
PAUSE. Pause inserts a 1.1-second delay into the 
dialing sequence. The total delay, including pre-di- 
gital and post- aie pauses is shown in Table 3. 


' 


PROGRAMMING AND REPERTORY 
DIALING 


PROGRAMMING AND REPERTORY DIALING 


Programming is independent of HKS (pin 19) and 
MODE (pin 2). 


To program, enter the following : 
PROG, Digit 1, Digit 2, .... MEM (Location 1-9). 
When programming, dialing is inhibited. 


To dial a number from repertory memory (HKS must 
be low) enter the single key : 


MEM (Location 1-9) 


To save the last number dialed : PROG, MEM (Lo- 
cation 1-9). 
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Table 3 : Special Function Delays. 


Each delay shown below represents the time required from after the special function key is depressed until 
a new digit can be dialed. 


The time is considered "FIRST" key is all previous inputs have been completed dialed. The time is conside- 
red "AUTO" if in redial, or if previous dialing is still in progress. 


Delay (seconds) 


SOFTSWITCH FIRST 0.40 
AUTO 1.10 
PAUSE FIRST 1.84 ra | 
AUTO 2.50 nee 
ABSOLUTE MAXIMUM RATINGS * 
ee 


DC Supply Voltage 


i a Sa a 
[Storage Temperature —~=SC~=“*‘“‘*“‘“S*S*S*S*‘“‘*‘“*~*‘“‘“dSCS*SC‘ STO HCC 
[Maximum Voltage onaryPin—SOSCSC~“~*~“—*S*~“‘~*S*~“~sSCS 


* All specifications are for 2.5 Volt operation and full operating temperature range unless otherwise stated. 
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ELECTRICAL CHARACTERISTICS 
DC CHARACTERISTICS 


Operating Current On-Hook Program Mode 
Key Operated 
No-Key Operated 


Sink Current (4.0 V) 


Keypad Input Level-Low 


Keypad Input Level-High 


Bs |383 55 [ss [5/5 |<| <[ 


’ 


Notes : 1. All inputs unloaded. Quiescent Mode (oscillator off). 

. All outputs unloaded, single key input. 

Vout = 0.4 Volts. 

. Sink Current for Vout = 0.5 volts, Source Current for Vout = 2.0 Volts. 

. Memory Retention Voltage is the point where memory is guaranteed but circuit operation is not. 

. Proper memory retention is guaranteed if either the minimum Imp is provided or the minimum Var. The design does not have to pro- 
vide both the minimum current or voltage simultaneously. 

. Minimum voltage where activation of mute output with key entry is ensured. 


OnhwWn— 
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ELECTRICAL CHARACTERISTICS (continued) 
AC CHARACTERISTICS — TONE MODE 


pS _symbot_——____raramerer ine Tp Men, Get Nett 
| = | Tx | Tone OutputNoKeyDown 


= = = co 
Tone Output (independent) 173 | 194 | 218 |MVims 


ST [as reper Pre-Emphasis, High Band is |20|24 | 8 | 


Tone Output DC Bias (V + = 2.5) 1.25 
(V + =3.5) 1 5 


| = | Re | Tone OutputLoad cai 1 a! NT = G 
| = | Tris | Tone OutputRise Time | tO ms | 
| = | DIS | Output Distortion OO] HM | BD 
| = | TR | TonesignaingRate | tisecf 
| 1 | Tesp | Pre-SignalDelay 0 Tm 
| 2 | Tisp_ | Inter-Signal Delay (repertory) | | 54] [ms |]. 
| | Tour | Tone Output Duration (repertory) | 4 || ms | 


Notes : 1. OdBm equals 1 mW power into 600 ohms or 775 mVolts. Important Note : The MK53762 is designed to drive a 10 kohm load. The 
600 ohm load is only for reference. 

. Single tone (low group) as measured at pin 10, Ta = 25 °C. 

. Supply voltage = 2.5 to 6 Volts, Re = 10 kohms. 

. Supply voltage = 2.5 Volts. These specifications are supply-dependent 

. Time from beginning of tone output waveform to 90 % of final magnitude of either frequency. Crystal parameters suggested for pro- 
per operation are Rs < 100 ohms, Lm = 96 mH, Cm = 0.02 pF, Cn= 5 pF, f = 3.579545 MHz, and C, = 18 pF 

. Time from initial key input until beginning of signaling. 


oO oh ON 


AC CHARACTERISTICS — KEYPAD INPUTS, PACIFIER TONE 
(Numbers in left hand column refer to the timing diagrams.) 


[Ne [Symbol Parameter —__ [tin Fryp. |Max.| Unit 
| 3) | Tk | Keypad Debounce Time | ms | 


Max.| Unit | Note _| 

-- ea 

ee 

| | Fer | Frequency Pacifier Tone | | s00] Hz 
= ! 


| He | 
| 4 | Ter | Pacifier Tone Duration | tm Pt 
| = | Tee | Hookflash Timing | CO] ms 


Notes : 1. Crystal oscillator accuracy directly affects these times. 


AC CHARACTERISTICS — PULSE MODE OPERATION 


| Ne [Symbol] Parameter | Min. | Typ. |Max.| Unit | Note _ 
| = | Pa | PuseRate to rs] 
| 5 | PoP | PredigtatPase | | lms | 
| 6 | WP | interdigtalPause | 40] | ms | 
| 7 | Two | MuteOverapTime ms | 
alee [Break Time 


Ts Break Time 


Notes: 1. 10 PPS is the nominal rate 
2. Figure 8 illustrates this relationship. 
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| REPERTORY WORLD DIALER™ 


» STORAGE. OF THIRTEEN 18-DIGIT NUM- 
BERS : 3 EMERGENCY LOCATIONS, AND 10 
ADDITIONAL LOCATIONS INCLUDING LNR 
(last number redial) 

» ALL LOCATIONS CAN BE ACCESSED WITH 
SINGLE KEY INPUTS ALTHOUGH THE OP- 
TION IS AVAILABLE TO ACCESS 3 EMER- 
GENCY LOCATIONS PLUS LNR DIRECTLY 
AND TWO KEYS (MEM key plus key 1-9) TOAC- 
CESS THE 9 OTHER MEMORIES 

a TWOSELECT PINS ALLOW USER TO SELECT 
16 DIFFERENT COUNTRY OPTIONS 

a SINGLE CHIP, MIXED MODE DIALER ALLOWS 
DIALING IN EITHER TONE OR PULSE 
MODES. A * OR "SOFTSWITCH" KEY INPUT 
CAN ALSO BE USED TO SWITCH FROM 
PULSE TO TONE MODE OPERATION AND IS 
STORED IN MEMORY 

a P.I.N. (personal identity number) PROTECTION 
METHOD 

e SLIDING CURSOR METHOD TO SIMPLIFY 
PABX DIALING 

s HOOKSWITCH DEBOUNCE, TRANSIENTS 
DUE TOLINE REVERSALS AND DROP-OUTS 
CAN BE MASKED FOR A PERIOD DETERMI- 
NED BY EXTERNAL RC 

» POWERED FROM TELEPHONE LINE, LOW 
STANDBY CURRENT AND OPERATING 
VOLTAGE 

=’ DIMF SIGNAL CONSISTENT WITH KEY EN- 
TRY PERIOD 

=» MINIMUM DTMF SIGNAL DURATION/SEPA- 
RATION GUARANTEED 

= TIMED PABX PAUSE MAY BE STORED IN ME- 
MORY 

» TIMED FLASH FOR EXTENDED TIMED 
BREAK 


DESCRIPTION 


The MK53763 is a 24 pin CMOS mixed mode dia- 
ler IC. This dialer provides signalling for both TONE 


January 1989 


ADVANCE DATA 


ORDER CODE: MK53763N01 


(DTMF) and PULSE (LD) modes of operation and it 
stores up to 13 18-digit numbers including the last 
number dialed. The user can store all 12 signalling 
digits plus access several unique functions with sin- 
gle key entries. These functions include : Last Num- 
ber Dialed (LND), Softswitch, Flash, Pause and 12 
memories (M1 - M9 and E1 - E3). 


The MK53763 can be switched from PULSE to 
TONE mode operation through the keypad with a * 
key input or softswitch (SS) key input. All key inputs 
following a softswitch command will generate DTMF 
signals. 


Two select pins (SELA, SELB) have been provided 
which allow the part to be customized for various 
markets. Rather than selecting and modifying indi- 
vidual parameters which would take many pins or 
mask options each select pin will select groups of 
options which have been identified for particular 
markets. 


The MK53763 features a sliding cursor, auto-pause 
insertion (on some options), manual Pause, and 
Flash. The DTMF tone output has a guarenteed mi- 
nimum duty cycle and extends to match the dura- 
tion of key inputs. 


The MK53763 structure and specification are the 
same of the MK53721 LND world dialer, expanded 
with 3 emergency and 9 repertory numbers. 
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MK53763 


PIN CONNECTION (top view) 


1 
2 
3 
4 
5 
6 
7 
8 


NESHNKS3763-E1 


KEYPAD CONFIGURATION 


N8SHKS3763 -@2 


PULSE OUT 
HKS 

Ri 

R2 

R3 

R4 

MUIE UUT 
MASK OUT 
DTMF OUT 
SELB 

RS 
PACTONE/CD 


2/2 
A oe a, eae a a eee f SGS-THOMSO 
S/ se Lesa 


168 


a . . ? j 
> 4 % & ‘ x “Z ~ ty 2 « A has 

’ < * : ee wa v Fs a ir 2 S oye "4 

we ploy + “ , 3 a ~ > “ a ve how ae ES aa « - we ed * “i 

- * + ~ > vie “ ~ < - ee eh ad 

20 de acecnacntnsrcn Bt RAM A Lice lst Bh witenr Die tna be BeBe tse ean tate te Bee rab AN er ml oe RA ce a a aretarnin emanate REA 2 Anannatnntn ie nT 0 neha tite Se atthe ie Reet Seen IRON OE ct RNS Mi ra Enna eel Mine a den Een artnet nnn nennnotain tine > Soe 


169 


' pin 14 replacing testing resistor (43 Q) with pro-- 
_ per network value. 


{57 SGS-THOMSON 


MICROELECTRONICS a L3280 


LOW VOLTAGE TELEPHONE SPEECH CIRCUIT 


ADVANCE DATA 


s OPERATION DOWN TO 1.3 V/5 mA 

» DIMF & BEEP TONE INPUTS 

a» EXTERNAL MUTING FOR EARPHONE AND 
MICROPHONE : 

«» MUTE TURNS ON BEEP TONE & DTMF IN- 
PUTS AND TURNS OFF EARPHONE & 
MICROPHONE 

a SUITABLE FOR DYNAMIC OR PIEZO EAR- 
PHONES AND PIEZO, DYNAMIC OR ELEC- 2 ee 
TRET MICROPHONES e: = “oe on DIP14 Plastic (0.25) 


DESCRIPTION 


The L3280 is a brand new low voltage speech cir- 
cuit designed to replace hybrid circuits in telephone 
sets. It is designed for sets that may be operated in 
parallel. If features both DTMF input and Beep tone 


| input ; ALC on send and receive and muting input. ORDER CODES : 132808 


Various DC - characteristics canbe programmed at L3280AB 


| PIN CONNECTION (top view) 


S-9161 
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BLOCK DIAGRAM 


Parameter 
Line Voltage (3 ms pulse) 
Line Current 
Total Power Dissipation, Tamb = 70 °C 
Operating Temperature 
Junction Temperature 


THERMAL DATA 


Thermal Resistance Junction-ambient Max 


[vate “Yun 
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L3280 


Figure 1 : Test Circuits. 


S- 9157/7 


Figure 2. Figure 3. 


APPLICATION 
Aree enc 


ABOVE 


S- 9159 


Receiving gain Sending gain and sidetone : 


Vro ; VRO 
Gr- Re S386) 2 (ST ix 280 
‘ Vri MI Veit 
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ELECTRICAL CHARACTERISTICS (Tam, = 25 °C ; frequency = 1 Khz ; |; = 20 mA: mute low ; 
Ri (pin 14) = 43 © unless otherwise spec.) 


| Symbol | ___—Parameter__——|_—Test Conditions | Min. | Typ. | Max. | Unit | 
| Ve | Linevoltage = 20mA tt | 8 | 
| Ve | binevoltage f= 5OmA | 8 | 2 | 
I, = 80 mA — | fas | to | 
a ee 
Vii = 2 mV, I, = 20 mA 475 | 485 | 495 | cB 
Vai = 2mV, b= 20 mA | 47 | 485 | 50 | B | 


Des Delta Sending Gain IL = 70mA —7 —4 
Vm =2mvV 
Sending Distortion (B type) _| Vso = 700 mV ee ae ee ee 
Tuos | Sending Distortion (AB type Vso = 700 mV 5. 


Sending Noise IL = 50 mA 
Vm =OV 


Mic. Input Impedance Vu = 2mvV 


Receiving Gain (B type) IL = 20 mA 
Vp, = 0.2 V 
Receiving Gain (AB type IL =20mA 
Vai = 0.2 V 
Delta Receiving Gain IL = 70 mA 
Vai = 0.2 V 


—~); To 

ols| |g ieee ae. 
NIiO!] |o N on 

| 

or 

oT 

I 

is 


=) 
o 

fi 
< 


Nrx 
ZmI 
Gr 
Gr 
Tuor 
THDR 
Nrx 
ZRO 
ZML 
VL 
Vso 


om Ue ee | 
@oO io 
oro 
@O }0O. 
~1S 1S.) 8. : : 
3 i 5 
a Ia 
0/9 
nin 
wr 1 ee 
0o10 » 
pd = 3 
[om ne) 
a i153 * ~~ 
ZS lo 
Die QO 
nae ©] 
oO |& J 
@ 
<i< 
D iv 
oO |O 
Il It 
[ool ee) 
Oo | O1 
Ool|o 
343 
<i< 
av | a 
- Ir 
oO |O 
> |> 
oO 10 
|| i] 
Go | ww 
orto 
oO ;]oO 
role) 


[Receiving Noise | Van = OV 


Receiving Output Imped. Rioap = 200 Q 
Vro = 50 mV 


OPERATION @ I, = 16 mA 

MULO fea 
Pass | 25 | a 
THOME % 


| 8 | 
| 600 | 700 | 2 | 


GM 
GM 
RM 


a " 


a 


Rbeep Beeptone Input Imped. Mute = 2 V ; Var = 100 mV 12 | LKQ | 
D Beeptone Distortion Mute = 2 V; Ve; = 100 mV % 
Dv___| Delta Vine Mute = 2V;I_.=20mA 
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| CHARACTERISTIC AT 1 KHz 


Figure 4 : Receive Characteristic and Max Output Figure 5 : Sending ALC Characteristic and Max 
at2% THD. ~ Output at 2 % THD. 


0 1020 3040 50 60 70 80(mA) 
: $-9155/1 


0 10 20 30 40 50 60 70 80 (mA) 
$-9156 


Figure 6 : DC Characteristic Measured between 
; Line and GND. 


Ri =430 


DIAL 
ain ssiaaah 
“MUTE L 


10 20 30 40 50 60 70 80 90(mA) 
: S- 9112/1 


LOGIC OF MUTE SWITCHING 


po BEEP | MIC INPUT RECEIVE INPUT 


ACTIVE TO LINE ACTIVE TO 
ee OUTPUT EARPHONE OUTPUT WEED ~ Mey 


MUTE L MUTED MUTED ACTIVE ACTIVE 
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| TELEPHONE SPEECH CIRCUIT WITH MULTIFREQUENCY 


TONE GENERATOR INTERFACE 


=» PRESENTS THE PROPER DC PATHFORTHE | 
LINE CURRENT. 

» HANDLES THE VOICE SIGNAL, PERFOR- 
MING THE 2/4 WIRES INTERFACE AND 
CHANGING THE GAIN ON BOTH SENDING 
AND RECEIVING AMPLIFIERS TO COMPEN- 
SATE FOR LINE ATTENUATION BY SENSING 
THE LINE LENGTH THROUGH THE LINE CUR- 
RENT. 

» ACTS AS LINEAR INTERFACE FOR MF, SUP- 
PLYING A STABILIZED TO THE DIGITAL CHIP 
AND DELIVERING TO THE LINE THE MF 


TONES GENERATED BY THE M761. 
ORDER CODE : LS156B/1 


DESCRIPTION | 

The LS156 is a monolithic integrated circuit in 16- i 

lead dual in-line plastic package to replace the hy- characteristics can be controlled by means of exter- 
brid circuit in telephone set. It works with the same "al components to meet different specifications. 
type of transducers for both transmitter and receiver In addition to the speech operation, the LS156 acts 


(typically piezoceramic capsules, butthe device can as an interface for the MF tone signal (particularly 
work also with dynamic ones). Many of its electrical for M761 C/MOS frequency synthesizer). 


BLOCK DIAGRAM 


$- 4373 
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ABSOLUTE MAXIMUM RATINGS 


Total Power Dissipation at Tamb = 70 °C 


Operating Temperature “~ 45 to 70 
Storage and Junction Temperature — 65 to 150 


Pod Reverse Line Current 


PIN CONNECTION (top view) 


MIC. INPUT MIC.INPUT 


+LINE Vpp 


MUTING MF INPUT 


BIAS ADJ. RECEIVER OUTPUT 


eee RECEIVER OUTPUT 


D.C.REGULATOR INPUT+(REC.AMP) 


LINE CURRENT 
SENSING 


ZBAL SWITCH 


THERMAL DATA 


Thermal Resistance Junction-ambient Max PT: eee 
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TEST CIRCUITS : 


S- 4368/1 


Figure 1. Figure 2. 


S~-4369/1 


V=05V:CMRR Side tone = £2 ; Gs = 95°. 


Seite caccienmesigp na 
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LS156 


Figure 3. Figure 4. 


CIRCUIT 


ELECTRICAL CHARACTERISTICS (refer to the test circuits, S1 and S2 in (a), Tamp = — 25 to 
+ 50 °C, f = 200 to 3400 Hz, unless otherwise specified) 


[symbol] Parameter | Test Conditions | _ Min. | Typ. | Max. | Unit | Fig. | 


SPEECH OPERATION 


Line Voltage 
CMRR | Common Mode | f =1 kHz IL=12to 80 mA 
Rejection 
Gs Sending Gain Tamb = 25 °C f=1 kHz IL =52 mA 44 45 46 
Vai =2 mV IL =25 mA 48 49 50 
Sending Gain Var = 2 mV frep = 1 kHz 
Flatness IL = 12 to 80 mA + 
Sending f=1 kHz Vso =1V o % 
Distortion IL = 16 to 80 mA Vso = 1.3 V 
|__| Sending Noise | Vwi =0 V lL =40 mA et te 
Microphone = IL =12 to 80 mA 
Input 
Impedance Pin 
1-16 
Sending Loss in| Vu; = 2 mV IL =52 mA 
MF Operation | So in (b) IL =25 mA 
Gr Receiving Gain 
IL = _ 25 mA 
Receiving Gain | Vr; = 0.3 V frep = 1 KHz r 
Flatness IL =12 to 80 mA +1 3 


Tamb = 25 °C 
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ELECTRICAL CHARACTERISTICS (continued) 


[Symbol] Parameter | Test Conditions | _ Min. | Typ. | Max. | Unit | Fig. | 


SPEECH OPERATION (continued) 


Receiving = IL =12 MA Vro = 1.6 V 2 
Distortion IL =12 MA Vro = 1.9 V 10 of, 
IL =50 mA Vro = 1.8 V 2 
IL =50 mA Vro =2.1 V 10 


|_| Receiving Noise| ‘Vai = 0 V IL = 12 to 80 mij ___} sso} __}w } 3 


Receiver Output} Vro = =e mV 
Impedance Pin 


12-13 


Sidetone f=1 kHz 
Tamb = 25 °C 
S; in (b) 
ZML Line Matching | Vai =0.3 V 
Impedance 


MF Supply 
Voltage 

(standby and 
operation) 


IL =12 to 80 mA 


MF Supply 

Current 

Stand by 1, = 12 to 80 mA mA 
Operation IL = 12 to 80 mA; So in (b) 


MF Amplifier IL =12 to 80 mA 
Gain furin = 1 kHz 
Veurin = 80 mV 
VI DC Input VM Fin = 80 mV Vop 
Voltage Level x 0.3 
(pin 14) 
Input VM Fin = 80 mV 
Impedance 
(pin 14) 
Distortion VM Fin = 110 mV 
IL =12 to 80 mA 
Starting Delay | IL =12 to 80 mA 
Time 


- Muting | Speech Operation == ass Operation rs ee a 


Threshold 
MF |MF Operation = rati 
Muting Stand IL =12 to 80 ieee ieettiracrminnod 
He Current 
(pin 3) ) 
Muting IL =12 to 80 MA So in (b) 
Operating 
Current (pin 3) 


jee 
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CIRCUIT DESCRIPTION 
1. DO CHARACTERISTIC 
In accordance with CCITT recommendations, any 


device connected to a telephone line must exhibit a 
proper DC characteristics VL, IL. 


The DC characteristic of the LS156 it is determined 
by the shunt regulator (block 2) together with two 


series resistors R1 and R3. The equivalent circuit of . 


the total system is shown in fig. 5. 

A fixed amount lo of the total available current IL is 
drained for the proper operation of the circuit. The 
value of lo can be programmed externally by chan- 
ging the value of the bias resistor connected to pin 4 
(see block diagram). 


The recommended minimum of lo is 7.5 mA. 
The voltage Vo = 3.8 V of the shunt regulator is in- 
dependent of the line current. 


Figure 5 : Equivalent DC Load to the Line. 


The shunt regulator (2) is controlled by a tempera- 
ture compensated voltage reference (1) (see the 
block diagram). 


Fig. 6 shows a more detailed circuit configuration of 
the shunt regulator. 


The difference IL - lo flows through the shunt regu- 
lator being Ip negligible. 


la is an internal constant current generator ; hence 
Vo = VBep1 + la’ Ra = 3.8 V. The VL, IL characteri- 
stic of the device is therefore similar to a pure resis- 
tance in series to a battery. 


It is important to note that the DC voltage at pin 5 is 
proportional to line current (V5 =V7+VBeED1 = (IL - lo) 
R3 + VBep1). 


$-4366 
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2. 2/4 WARES CONVERSION 


The LS156 performs the two wires (line) to four wires 
(microphone, earphone) conversion by means of a 
Wheatstone bridge configuration so obtaining the 
proper decoupling between sending and receiving 
signals (see fig. 7). 


For a perfect balancing of the bridge bees =e 


The AC signal from the microphone is sent to one 
diagonal of the bridge (pin 6 and 9). A small percen- 
tage of the signal power is lost on Zp (being 
Zp >> Z1) ; the main part is sent to the line via Ri. 


In receiving mode, the AC signal coming from the 
line is sensed across the second diagonal of the 
bridge (pin 11 and 10). After amplification it is ap- 
plied to the receiving capsule. 


The impedance Zwm is simulated by the shunt regu- 
lator that is also intended to work as a transconduc- 
tance amplifier for the transmission signal. 

AVé6-9 

Ale-9 ° 

From fig. 6, considering Ci as a short circuit for AC 
signal, any variation AVe generates a variation. 


AV7 = AVA = AVg « = 


The impedance Zn is defined as 


Ra + Rb 


Figure 7 : Two to Four Wires Conversion. 


LS156 


The corresponding current change is 
AV7. 

Al = Rs 
Therefore 
The total impedance across the line connections 
(pin 11 and 9) is given by 

ZmL = Ri + Zu // (Re + Zs) 

By choosing Zu >> Ri and Zp = Zu 


=o 2 Ra 
ZM_=Zm = Rs (1 + Rb ) 
The received signal amplitude across pin 11 and 10 
can be changed using different values of Ri (of 


course the relationship a 7 = must be always 


valid). 


The received signal is related to Ri value according 
to the approximated relationship 


Bos Fans oe 
VrR=2-Vrl Ri +ZM 

Note that by changing the value of Ri, the transmis- 
sion signal current is not changed, being the micro- 
phone amplifier a transconductance amplifier. 
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3. AUTOMATIC GAIN CONTROL 


The LS156 automatically adjusts the gain of the sen- 
ding and receiving amplifiers to compensate for line 
attenuation by sensing the line length through the 
line current. 


The line current is sensed across Re (see fig. 6) and 
transferred to pin 5 by the regulator. 


Vs = Veep1 + V7 = Veep: + (IL - Io) - Ra. 


The pin 5 Vs voltage, after a comparison with an in- 
ternal reference Vrera (see the block diagram) is 
used to modify the gain of the amplifiers (4) and (5) 
on both the sending and receiving path. 


The starting point of the automatic level control is 
obtained at IL = 25 mA when the drain current Ip = 
7.5 MA. 


Minimum gain is reached for a line current of about 
52 mA for the same drain current lo = 7.5 mA. 


When lo is increased by means of the external re- 
sistor connected to pin 4, the two above mentioned 


values of the line current for the starting point and. 


for the minimum gain increase accordingly : 


Automatic switching of the balance network Zs fora 
better sidetone is performed by the LS156 through 
Vs information. This information, proportional to the 
line length, -drives the comparator (7 b) (see the 
block diagram). 


For long lines, the impedance level of Zs is high 
(pin 8 open) and the additional + 1 dB gain is added 
to the receiving amplifier chain. 


For short lines, the impedance level of Zs is auto- 
matically switched to a lower value (pin 8 shorted to 
ground) and the additional + 1 dB block is bypassed 
by the received signal. 


A built in hysteresis circuit avoids uncertain opera- 
tion of the comparator. 


4. TRANSDUCERS INTERFACING. 
The microphone amplifier (3) has a differential input 


stage with high impedance (= 40 kQ) so allowing a 


good matching to the microphone by means of ex- 
ternal resistors without affecting the sending gain. 

‘The receiving output stage (6) is particularly inten- 
ded to drive piezoceramic capsules. [Low output tm- 


pedance (100 2 max) ; high voltage swing (close to 
VL) ; current capability of 1.8 mAp]. 


When a dynamic capsule is used, it is useful to de- 
crease the receiving gain by decreasing Ri value 
(see the relationship for Vr). 


With very low impedance transducer, DC decou- 
pling by an external capacitor must be provided to 
prevent a large DC current flow across the transdu- . 
cer itself due to the receiving output stage offset. 


5. MULTIFREQUENCY INTERFACING 


The LS156 acts a linear interface for the Multifre- 
quency synthesizer M761 according to a logical si- 
gnal (mute function) present on pin 3. 


When no key of the keyboard is pressed the mute 
state is low and the LS156 feeds the M761 through 
pin 15 with low current (Standby operation of the 
M761). The oscillator of the M761 is not operating. 
When one key is pressed, the M761 sends a "high 
state" mute condition to the LS156. A voltage com- 
parator (9) of LS156 drives internal electronic 
switches : the current delivered by the voltage sup- 
ply (10) is increased to allow the operation of the os- 
cillator. This extra current is diverted by the recei- 
ving and sending section of the LS156 and during 
this operation the receiving output stage is partially 
inhibited and the input stages of sending and recei- 
ving amplifiers are switched OFF. 


A controlled amount of the signalling is allowed to 
reach the earphone to give a feedback to the subs- 
criber ; the MF amplifier (11) delivers the dial tones 
to the sending paths. 


The application circuit shown in fig. 9 fulfils the EU- 
ROPE II standard (— 6, — 8 dBm). If the EUROPE | 
levels are required (— 9, — 11 dBm), an external di- 
vider must be used (fig. 11). 


The mute function can be used also when a tempo- 
rary inhibition of the output signal is requested. 


APPLICATION INFORMATION 


The circuits shown in fig. 8 and fig. 11 are referred 
to the Italian standard. The fig. 10 shows the 
connection for mute function (inhibition of the output 
stage when it is requested) by using an external 


switch at pin 3. 
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APPLICATION INFORMATION (continued) : a: 


[Gomponent| Value | Purpose | —SOSOSC~“~“‘s NS 


R; controls the receiving gain. 
The Ratio R2/R; fixes the amount of signal delivered to the 
line. Ry helps in fixing the DC characteristic (see R3 note). 


Bridge Resistors 


Line Current 
Sensing. 
Fixing DC 
Characteristics 


The relationships involving Rg are : 

°Zu_ =(20 R3 // Zp) + Ri 
2.12 

°*Gs =Ke es 


3 
*Vi =(It — lo) (R3 + R1) + Vo 3 Vo = 3.8 V. 
Without any problem it is possible to have a Zt ranging from 
500 up to 900 ©. 


The suggested value assures the minimum operating current. It is 
possible to increase‘ the supply current by decreasing Ra, (they 

are inversely proportional), in order to achieve the shifting of the 
AGC starting point. (see fig. 12). 


The balance network has two possible impedance levels, selected 
by the circuit referring to the line current (i.e. to the line length) in 
order to optimize the sidetone. It's possible to change Rs, Re, R7 
values in order to improve the matching to different lines; in any 


Bias Resistor 


Balance 
Network 


with the two possible values for Zp : 


2B(1) = R7 + Re Il Ca (long lines) 
Zp(2) = R7 + (Re // Rs) // Cag (short lines) 
(see fig. 13). 


Rg and Rg' must be equal; the suggested value is good for 
matching to piezoceramic capsule; there is no problem in 
increasing and decreasing (down to 0 Q) this value, but when 

low resistance levels are used a DC decoupling must be inserted 
to stop the current due to the receiver output offset voltage (max 
400 mV). 


The suggested value is typical for a piezoceramic microphone, 
but it is possible to choose Rg in a wide range. 


Receiver 
Impedance 
Matching 


Microphone 
Impedance 
Matching 


Regulator 
AC Bypass 


A value greater than 10 uF gives a system start time too high for 
low current line during MF operation; a lower. value gives an 
alteration of the AC line impedance at low frequency 


Co changes with the characteristics of the transmission line. 


Matching to 
a Capacitive 
Line 


C3 depends on balancing and line impedance versus frequency. 
Flatness 


Balance Network| See Note for Ay, Re, Re. 


0.33 nF { DC Filtering The Cs range is from 0.1 uF to 0.47 pF. The lowest value is 


ripple limited, the higher value is starting up time limited. 


Rie ype Me 


Dc Decoupling The DC offset is very low. An electrolitic capacitor can be used. 
for Receiving 
Input 
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Figure 8 : Application Circuit with Multifrequency (EUROPE Il std.). 


Figure 9 : Application Circuit with Multifrequency (EUROP | std.). 


* TOLLERANCE =t2% 
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Figure 10 : External Mute Function. 
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Figure 12 : Sending and Receiving Gain vs. Figure 13 : Balance Network Impedance vs. 
Line Current. Line Current. 
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LS256 


TELEPHONE SPEECH CIRCUIT WITH MULTIFREQUENCY 
TONE GENERATOR INTERFACE 


» PRESENTS THE PROPER DC PATH FOR THE 
LINE CURRENT 

a HANDLES THE VOICE SIGNAL, PERFOR- 
MING THE: 2/4 WIRES INTERFACE AND 
CHANGING THE GAIN ON BOTH SENDING 
AND RECEIVING AMPLIFIERS TO COMPEN- 
SATE FOR LINE ATTENUATION BY SENSING 
THE LINE LENGTH THROUGH THE LINE CUR- 
RENT 

m» ACTS AS LINEAR INTERFACE FOR MF, SUP- 
PLYING A STABILIZED TO THE DIGITAL CHIP 
AND DELIVERING TO THE LINE THE MF 
TONE GENERATED BY THE DIALER 


DESCRIPTION 


The LS256 is a monolithic integrated circuit in 16- 
lead dual in-line plastic package to replace the hy- 
brid circuit in telephone set. It works with the same 
type of transdurcers for both transmitter and recei- 
ver (typically piezoceramic capsules, but the device 


PIN CONNECTION (top view) 


MIC. INPUT 
#LINE 


MUTING 


BIAS ADJ. 


SHUNT REG. 
BYPASS 


D.C.REGULATOR 


LINE CURRENT 
_SENSING 


GAIN CONTROL 


April 1989 


ADVANCE DATA 


(Plastic 0.25) 


ORDER CODE : LS256B 


can work also with dynamic ones). Many of its elec- 
trical characteristics can be controlled by means of 
external components to meet different specifica- 
tions. 


In addition to the speech operation, the LS256 acts 
as an interface for the MF tone signal. 


MIC. INPUT 

Yop 

MF INPUT 
RECEIVER OUTPUT 


RECEIVER OUTPUT 


INPUT+(REC.AMP) 


1/5 


This is advance information on a new product now in development or undergoing evaluation. Details are subject to change without notice. 
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BLOCK DIAGRAM 


IN CONTROL _ 


MEF 
IME nat _Jeure 
S- 4373 ze 


ABSOLUTE MAXIMUM RATINGS 


[Symbol] SP avameter ——SSSSCSCS~S~sSSCSae «dC 
[Pier | Total Power Dissipaion at Taw =70SSOSCSC~—SC“‘=SSSCSC*‘d;SW 


THERMAL DATA 


Thermal Resistance Junction-ambient Max PT: ee oe 
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TEST CIRCUITS 


pS2 


ps) 
J op a 048 
hd L i 
2F 


S- 4368/2 


Figure 1. 


S-4369/1 
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Figure 3. Figure 4. 


TEST 
CIRCUIT 


ELECTRICAL CHARACTERISTICS 


(refer to the test circuits, S1, S2 in (a), Tamp = — 25 to + 50°C, f = 200 to 3400Hz, unless otherwise 
Vi Line Voltage Tamb = 25°C IL =12mA 
I = 20mA 
I, =80mA 


specified) 
4.7 V 
5.5 
12.2 
CMRR | Common Mode Rejection | f = 1KHz IL = 12 to 80mA 
1 


SPEECH OPERATION 
Gs Sending Gain Tamb = 20°C f=1KHz IL =52mA 44 45 46 
Vaui = 2mV IL =25mA 48 49 50 


Sending Distortion f = 1KHz - Vg9 =1V 


Symbol Test Conditions 
Sending Gain Flatness Vai = 2mvV frep = 1KHz + 
IL =12 to 80mA 
2 % 2 
10 


IL = 16 to 80mMA Vso =1.3V 
Sending Noise Vat = OV IL =40mA 


Microphone Input Vai = 2mvV IL =12 to 80mA 
Impedance Pin 1-16 


Sending Loss in MF Vat = 2mvV IL =52mA 


Operation Se in (b) IL =25mA 


4/5 
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ELECTRICAL CHARACTERISTICS (continued) 
SPEECH OPERATION (continued) 


Symbol| Parameter _|____Test Conaitions__{_Win. | Typ. | Mex. {Unit} Fig. 


eres Gain Vai =0.3V IL =52mA 
f = 1KHz IL =25mA 
Tamb = 25°C 


f = 1KHz 


IL =12mMA Vro = 1.6V 
li =12mA Vro =1.9V 
I. =50mMA Vro =1.8V 
IL =50mMA Vro =2.1V 


F = 1KHZ 
Tamb = 25°C 
S1 in (b)_ 


IL =52mA 


IL =25mA 


MULTIFREQUENCY SYNTHESIZER INTERFACE 


Symbol} ___Ferameter_{_Test Gonaitions _/_win._| Typ. } Max. {unit 


MF Supply Voltage IL = 12 to 80mMA 

(standby and operation) 

MF Supply Current IL =12 to 80mA 
Stand by IL =12 to 80MA ; So in (b) 
Operation 


MF Amplifier Gain 


IL = 12 to 80mA 
fue in = 1KHz 
Vue in = 80mV 


| Ry | Input Impedance (pin 14) [Vuein=80MV Fin = 80mV 


Distortion Vm Fin = 110mV % 4 
IL = 16 to 80mA 


| _(|Staring Delay Time | =12togoma | | ms | 


Muting Threshold Voltage [Speech Operation | TT tT | 
i Operation _}_ 4 } _j__|vt__ 


Muting Stand by Current | IL =12 to 80mA - 10 
(pin 3) 

— Muting Operating Current | IL =12 to 80MA_ Sz in (b) + 10 
(pin 3) 
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TELEPHONE SPEECH CIRCUITS 


7 SGS-THOMSON 


a 2/4 WIRE INTERFACE 
» OPERATES DOWN TO 4 mA 
m 3.5 Vop DYNAMIC IN SENDING AT 25 mA 


DESCRIPTION 


The LS285 is monolithic integrated circuits for re- 

placement of the hybrid circuit (2-4 wire interface) in 

conventional telephones interfacing the two trans- 
_ ducers to the line and providing a controlled amount 
| Of sidetone. 


The same type of transducer can be used for both DIP14 
transmitter and receiver, usually a 350 Q dynamic (Plastic) 
type. 

By sensing the line current, LS285 adjusts the gain 
in both directions to compensate for line attenuation. 
Output impedance can be matched to the line, in- ORDER CODE : LS285AB1 
dependent of transducer impedance. 

The LS285 is packaged in a 14 lead dual in-line pla- 
stic package. 


PIN CONNECTION (top view) 


RECEIVER RECEIVER 
OUTPUT OUTPUT 


LINE IMR 
ADJUST. 


| 12{] INPUT REC. 
3 AMP (.) 


11 | INPUT REC. 
AMP (-) 


BIAS 


AC LOOP 
OPENING 


November 1988 : 1/8 
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BLOCK DIAGRAM 


ABSOLUTE MAXIMUM RATINGS 


| Vi__[ Line Voltage (3 ms pulse duration) =| 
I 
I 


| [Forward Current CE tm 
|__| Reverse Curent CE 80m 
| Prot _| Total Power Dissipation at Tamb = 70 °C 


THERMAL DATA 


Pie erie | Thermal Resistance Junction-ambient Max PT ee °C/W 
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DESCRIPTION 
The LS285 is based on a bridge configuration. 


They contain a regulator block, a sending amplifier . 


and a receiver amplifier. 


The regulator monitors the line current and adjusts 
the amplifier gain to compensate for the line length. 
It provides DC characteristics in line with CEPT 
standards. 


The transmit/receiver amplifiers are connected to 
the line via an external bridge to provide sidetone 
attenuation. 


The line current compensation ensures that when 
the subscriber is talking, the signal delivered to the 
line is increased in according to the line lenght. 
When he is hearing, the signal level on the receiver 
capsule is constant. 


The amplifiers can also be matched to different 
transducers simply by varying external compo- 
nents. Gain variation over the operating tempera- 
ture range is less than + 1 dB. 


Figure 1 : Test Circuit. 


16.2KQ 
|) 
R8 


Cl | 10uF 


) 
MICROPHONE 


——————— eee Lt) 


The impedance to the line can be adjusted ; without 
any change in circuit parameters ; by changing an 
external resistor (6.8 KQ at pin 2). 


BASIC CIRCUIT CONFIGURATION. 


RECEIVER 


$-3792 14 
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Figure 2 : Sending Gain. Figure 3 : Receiving Gain. 


TEST 


CIRCUIT CIRCUIT 


S-5008/1 5-501041 


Figure 4 : Sidetone. Figure 5 : Return Loss. 


TEST 
CIRCUIT 
TEST 
CIRCUIT 


S-5019/3 


$-5009/1 
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| : LS285 
| 
| 


Ie =20 mA 
Gs Sending Gain Variation vs.) — 15 °C < Tamb < + 45 °C 
Temp. 
$1, $2 in (b) 
Vso = 1.3 Vp 
Sending Noise Vuar=OV I, =60 mA 
f =1 KHz 


ELECTRICAL CHARACTERISTIC (refer to the test circuit, Tamp = 25 °C, f = 300 Hz to 3400 Hz, Si, 
~ OME Line Voltage -— 15 °C < Tamb < + 45 °C 
IL =10 mA 
Sending Gain Flatness lI. = 10 to 80 mA 
Sending Distortion lL =10to15 mA; 
Veg = 0.7 Vp 
IL = 25 to 80 mA; 
Microphone Amplifier 
Impedance (pin 9-10) 
| IL = 15 mA; Vai = 0.8 Vams 


Gr Receiving Gain 


S2 in "a" unless otherwise specified) 

I, =80 mA 

Gs Sending Gain f =1 KHz 
I, = 15 mA ; Vm = 1.0 Vams 
I, =30 mA ; Vm =2.5 Vrms 
IL =60 mA ; Vu = 3.7 Vrms | 
IL = 80 mA ; Vm = 4.5 Vams 
fret = 1 KHz 
IL =16 to 24 mA; 
Vso = 1.7 Vp 

Max Sending Output (°) lL = 10 to 80 mA 

Vu =1V 
IL =30 mA; Vai = 1.0 Vams 


I, =60 mA; Vai = 1.8 Vams 
IL =80 mA; Vai =10 Vams 


AGr Receiving Gain Variation | — 15 °C < Tamb <+ 45 °C 
vs. Temperature 
Receiving Gain Flatness frep = 1 KHz IL = 10 to 80 mA 
$1, S2 in (b) 
Receiving Distortion IL =10to 15 mA 
Vro = 300 mV p 


IL =15 to 80 mA 
Vro = 500 mV_ 


Receiving Amplifier Output 

Impedance (pin 1-4) 

Receiving Noise Vai=OV I_=60mA 
psophometric 


Max receiving Output IL =80 mA 
Var =10V 


(") This output is limited to allow for input overvoltages. 


Current 
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ELECTRICAL CHARACTERISTIC (continued) 


f = 1 KHz IL =20 mA 


‘ Ie =80 mA 


Return Loss S3 in (a) 
$3 in (b) 


(*) This output is limited to allow for input overvoltages. 


Figure 6 : Typical Application Circuit. 


LS 285A 


C7_,1000pF 
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APPLICATION INFORMATION 
The following table shows the recommended values for the typical application circuit of fig. 6. Different 
values can be used and notes are added in order to help designer. 


d 
Bridge Resistors The ratio R2/R1 fixes the amount of the signal 
a ee ee delivered to the line. (see fig. 7) 


R3 16.2 KQ Bias Resistor Changing R3 value it is possible to shift the 
gain characteristics. 
The value can be chosen from 15 KQ to 
20 KQ. The recommended value assures the 
maximum swing (see fig. 9). 


2.05 KQ Balance Network In order to optimize the sidetone it is possible 


Microphone Impedance 
Matching 


5b Q 


R2 
=—— ==— where Zp = R4 + R5//C4. 
Furthermore, they determine a sending gain 
R7 and R7’' 100 Q Receive Impedance R7 and R7' must be equal ; 100 Q is a typical 
Matching value for dynamic capsules. 
in order to have a short response time of the 
Balance Network See Note for R4 and R5. 


9.09 KO to change R4 and Réd values. In any case : 
: Zp 
. Z Rt 
R6 and Ré' 250 Q R6 and R6' must be equal ; 250 Q is a typical 
value for dynamic capsules. 
variation mie to: 
AG, = 20 log 
; where Rx = R6 + R6' + Rmixe. The trend of AG; 
as a function of Rx value is shown in fig. 8. 
C1 10 pF AC Loop Opening Ensures a high regulator impedance for AC 
signals (= 20 KQ). 
This capacitor should not be higher than 10 uF 
system. 
C2 22 nF Matching to a Capacitive | C2 changes with the characteristics of the 
Line transmission line. 
C3 - 82 nF High Frequency Roll-off C3 determines the high eeneny response of 
the circuit. 
it also acts as RF bypass. 
- C5 1 pF DC decoupling for 
Receiving Input 
C6 and C7 1000 pF___| RF Bypass Pe 
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Figure 7 : Receiving Gain Variation vs. R1 Value Figure 8 : Sending Gain Variation vs. Rx Value 
(with fixed R1/R2 ratio). (see note for R6 and R6’). 


\ t=1KHz 

\ 1)=10 to BOmA 
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Figure 9 : Sending and receiving Gain Variation 
vs. Line Current. 
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MICROELECTRONICS LS356 


TELEPHONE SPEECH CIRCUIT WITH MULTIFREQUENCY 
TONE GENERATOR INTERFACE 


=» PRESENTS THE PROPER DC PATH FOR THE 
LINE CURRENT 

ws HANDLES THE VOICE SIGNAL, PERFOR- 
MING THE 2/4 WIRES INTERFACE AND 
CHANGING THE GAIN ON BOTH SENDING 
AND RECEIVING AMPLIFIERS TO COMPEN- 
SATE FOR LINE ATTENUATION BY SENSING 
EITHER THE LINE CURRENT OR THE LINE 
VOLTAGE. IN ADDITION, THE LS356 CAN AL- 
SO WORK IN FIXED GAIN MODE 

n ACTS AS LINEAR INTERFACE FOR MF, SUP- 
PLYING A STABILIZED VOLTAGE TO THE DI- 
GITAL CHIP AND DELIVERING TO THE LINE 
THE MF TONES GENERATED BY THE M761 


DESCRIPTION 
The LS356 is a monolithic circuit in 16-lead dual in- 
line plastic package to replace the hybrid circuit in 


telephone set. It works with the same type of trans- 
ducers for both transmitter and receiver (typical dy- 


BLOCK DIAGRAM 


7 


te ee eta Ys at 
GAIN CONTROL (g 


bias 
resistor 


November 1988 


ORDER CODES : LS356B 
LS356AB 


namic capsules, but the device can also work with 
piezoceramic ones). Many of its electrical charac- 
teristics can be controlled by means of external com- 
ponents to meet different specifications. 


In addition to the speech operation, the LS356 acts 
as an interface for the MF tone signal (particularly 
for M761 C/MOS frequency synthesizer). 


__Juute 


$- 493081 


{ue 
signal 
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ABSOLUTE MAXIMUM RATINGS 


Se Ne AR Ma 
P| Une Voge ne pls rab 
| Prot Total Power Dissipation at Tamp = 70 °C 


PIN CONNECTION (top view) 


MIC. INPUT MIC. INPUT 
+LINE Yoo 
MUTING MF INPUT 


BIAS ADJ. RECEIVER OUTPUT 


eve RECEIVER OUTPUT 


D.C.REGULATOR ; INPUT+(REC.AMP) 


LINE CURRENT 
SENSING 


GAIN CONTROL 


THERMAL DATA 


Thermal Resistance Junction-ambient Max ee ee 
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TEST CIRCUITS 


4407 


ad 9p sa: 
: 2pF Nina 
ool | 


6K1 


ne ee ee 


200Nn 
200n 


as 
scan el 47 uF ; 
Cc 0 E© FO S- 4920/3 


Figure 1. : Figure 2. 


1,212 toBOmA 
t ——_—_e 


TEST 
CIRCUIT 
R=6.6KN 


Oo. Vso 


Side tone = po. Gs = 
MI 
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Figure 3. Figure 4, 


ELECTRICAL CHARACTERISTICS (refer to the test circuits, Vg= 1 to 2 V, I, = 12 to 80 mA, Si and 
S2 in (a), Tamb = — 25 to + 50 °C, f = 200 to 3400 Hz, unless otherwise specified) 


[symbol] Parameter | _—Test Conditions | min. | Typ. | Max. | Unit | Fig. | 


SPEECH OPERATION 


. Vi Line Voltage Tamb = 25 °C IL =12 mA 3.65 45 
IL =20 mA 5 V 
I = 80 mA 10 
CMR_ | Common Mode f =1 KHz 50 1 
Rejection 
Gs Sending Gain for B Tamb = 25°C f=1KHZ Vg=2V | 44.5 46.5 2 
- | Type Vu =2 mV Ve=1V |] 485 50.5 
Gs Sending Gain for AB Tamb = 25 °C f=1KHZ Vge=2V 44 47 2 
Type Vu =2 mV Ve=1V 48 51 
Sending Gain Flatness | Vu = 2 mV -frep = 1 KHz -1 2 
(vs. frequency) 
(*) Sending Gain lrefp = 50 MA - 0.5 
Flatness for B Type 
(vs. current) 
(*) Sending Gain lrep =50 MA -1 
Flatness for AB Type 
(vs. current) 


Sending Distortion for | f = 1 KHz Vso = 775 mV 
B Type lL =16 mA Vso = 900 mV 
Sending Distortion for | f = 1 KHz Vso = 775 mV 
AB Type lL =16 mA Vso = 900 mV 

Sending Noise Vai =0V Ve=1V aa 


Microphone {nput Vu =2 mV 
Impedance (pin 1-16) 


* Fixed gain mode. 


ak 
+ 
—_ 
EE 
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ELECTRICAL CHARACTERISTICS (continued) 


Symbol] Parameter__| Test Conditions | Min. | Typ. | Max.| Unit] Fig. | 
Sending Gain in MF Val =2 mV — 30 2 
Operation S2 in (b) 

Gr Receiving Gain for B Vr =0.3 V Ve=2V -5 -3 
Type f=1 KHz 3 
Tamb = 25 °C Ve=1V -— 0.5 + 1.5 
Gr Receiving Gain for AB | Va; = 0.3 V Ve=2V - 5.5 -2.5 3 
Type f=1 KHz 
Tamb =25°C Ve=iV -— 1.0 + 2.0 
Receiving Gain VR; = 0.3 V frep = 1 KHz —1 +1 
Flatness (vs. 
frequency) 
(*) Receiving Gain Ve=2V lrep = 50 MA - 0.5 + 0.5 3 
Flatness for B Type 
(vs. current) 
Receiving Gain Vg=2V lrep = 50 MA - 1 +1 
Flatness for AB Type 
(vs. current) 
ees Distortion for} f =1 KHz Vro = 400 mV 
B Type Vro = 450 mV 
__| Bere Distortion for) f = 1 KHz Vro = 400 mA 
AB vee Vro = 450 mA 


|_| Receiving Noise | Vai =0V aa Ee acces 
Receiver Output Vro =50 mV 30 
Impedance (pin 12-13) 
Sidetone f=1 KHz Tamb = 25 °C 36 2 

$1 in (b) 

Line Matching Vai = 0.3 V f = 1KHz 700 Q 3 
Impedance 
Input Current for Gain -10 |] pA 
Control (pin 8) 


* Fixed gain mode. 


re) 
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ELECTRICAL CHARACTERISTICS (continued) 


[Symboi[ Parameter [Test Gonditions | Min. [ Typ. | Wax. | unt | Fig. 


MULTIFREQUENCY SYNTHESIZER INTERFACE 


MF Supply Voltage S2 in (b) 2.4 2.5 2.7 V 
(standby and 
operation) 
MF Supply Current S2 in (b) . 0.5 mA 
Standby Operation 2 
MF Amplifier Gain fue in = 1 KHz 15 17 4 
VME in = 80 mV 

Vi DC Input Voltage Level] Var in = 80 mV 
(pin 14) ne 
Input Impedance Ver in = 80 mV KQ 
ar neeen 


| Distortion for B Type | Vwein=t10mv | | | | | 
eee [reso Pa 4 
= Starting Delay Time Poa ee, | Ene 
Voltage (pin 3) 


a 
ij 
Sen GAEL (°c aeNE  S GERN 


3 
n 


Muting Standby -10 | pA 
Current (pin 3) 
Muting Operating S2 in ( +10] BPA - 
Current (pin 3) 

CIRCUIT DESCRIPTION 


1. DC CHARACTERISTIC 
The fig. 5 shows the DC equivalent circuit of the LS356. 


Figure 5 : Equivalent DC Load to the Line. 


PINS 


$-4365 


A fixed amount lo of the total available current IL is The voltage Vo = 3.8 V of the shunt regulator is in- 
drained for the proper operation of the circuit. dependent of the line current. 


The value of lo can be programmed externally by The shunt regulator (2) is controlled by a tempera- 
changing the value of the bias resistor connectedto | ture compensated voltage reference (1) (see the 
pin 4 (see block diagram). block diagram). 


The minimum value of lo is 7.5 mA. 


“Oe Scs-THOMsON 
4 imcROELECTROMICS 
208 


LS356 


Fig. 6 shows a more detailed circuit configuration of the shunt regulator. 


Figure 6 : Circuit Configuration of the Shunt Regulator. 


The difference IL — lo flows through the shunt regu- 
lator being Ib negligible. 


la is an internal constant current generator ; hence 
Vo= Ve +la- Ra = 3.8 V. 


The Vz, IL characteristic of the device is therefore si- 
milar to a pure resistance in series to a battery. 


It is important to note that the DC voltage at pin 5 is 
proportional to the line current (Vs = V7 + VB = 
(IL — lo) R3 + Ve). 


2, TWO TO FOUR WIRES-CONVERSION 


The LS356 performs the two wires (line) to'four wires 
(microphone, earphone) conversion by means of a 
Wheatstone bridge configuration so obtaining the 
proper decoupling between sending and receiving 
signals (see fig. 7). 

For a perfect balancing of the bridge o = a . 
The AC signal from the microphone is sent to one 
diagonal of the bridge (pin 6 and 9). Asmall percen- 
tage of the signal power is lost on Zp (being 
Zp >> ZL) ; the main part is sent to the line via R1. 


In receiving mode, the AC signal coming from the 
line is sensed across the second diagonal of the 
bridge (pin 11 and 10). After amplification it is ap- 
plied to the receiving capsule. 


ky SGS-THOMSON 


The impedance Zm is simulated by the shunt regu- 
lator that is also intended to work as a transconduc- 
tance amplifier for the transmission signal. 
The impedance Zw is defined as ayes 
From fig. 6 considering Ci as a short circuit for AC 
signal, any variation AVe generates a variation : 
— AVa = = Sb. 
AV7 = AVa = AV¢ - =e 
The corresponding current change is 
Ae ANZ 
~ RB 
Therefore 
_ AV _ Ra 

ZM = ai at + Be ) 
The total impedance across the line connections 
(pin 11 and 9) is given by 

Zumt = Ri + Zu // (R2 + Zp) 
By choosing Zu >> Ri and Zp >> Zu 

WceZuePhS ae 
The received signal amplitude across pin 11 and 10 
can be changed using different values of R1 (of 
course the relationship Z./Zg = R1/R2 must be al- 
ways valid). 
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Figure 7 : Two to Four Wires Conversion. _ 


y—< EARPHONE 


The received signal is related to R1 value according 
to the approximated relationship : 
R1 
VAS evel R1 + Zm 
Note that by changing the value of R1, the transmis- 
sion signal current is not changed, being the micro- 
phone amplifier a transconductance amplifier. 


3. AUTOMATIC GAIN CONTROL : 


The LS356 automatically adjusts the gain of the sen- 
ding and receiving amplifiers to compensate for line 
. attenuation. 


This function is performed by the circuit of fig. 8. 


The differential stage is progressively unbalanced 
by changing Va in the range 1 to 2 V (Vrerc is an 
internal reference voltage, temperature compensa- 
ted). 

It changes the current Ia, and this current is used as 
a control quantity for the variable gain stages (am- 
plifier (4) and (5) in the block diagram). The voltage 
Va can be taken : 


a) from the LS356 itself (both in variable and in fixed 
mode) and 

b) from a resistive divider, directly at the end of the 
line. 


a) In the first case, connecting Ve (pin 8) to the re- 
gulator bypass (pin 5) it is possible to obtain a 


—@— —- — 
$- 43671 


gain charcteristic depending on the current. 
In fact (see fig. 6) : : 


V5 = VB + V7=VB+ (IL—lo) RS 


The starting point of the automatic level control 
is obtained at IL = 25 mA when the drain current 
lo=7.5 mA. 


Minimum gain is reached for a line current of 
about 52 mA for the same drain current 
lo = 7.5 mA. When lo is increased by means of 
the external resistor connected to pin 4, the two 
above mentioned values of the line current for the 
starting point and for. the minimum gain increase 
accordingly. 


It is also possible to change the starting point wi- 
thout changing I> by connecting pin 8 to the cen- 
tre of a resistive divider placed between pin 5 and 
ground (the total resistance seen by pin 5 must 
be at least 100 KQ). In this case, the AGC range 
increases too ; for example using a division 1 : 1 
(50 K/50 K) the AGC starting point shifts to about 
lL = 40 mA, and the minimum gain is obtained at 
IL = 95 mA. In addition to this operation mode, 
the Vg voltage can be maintained constant thus 
fixing the gain values (Rx, Tx) independently of 
the line conditions. 


For this purpose the Vpp voltage, available for 
supplying the MF generator, can be used. 
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b) When gains have to be related to the voltage at 
the line terminals of the telephone set, it is neces- 
sary to obtain Ve from a resistive divider directly 
connected to the end of the line. 


This type of operation meets for instance the re- 
quirements of the French standard. (see the ap- 
plication circuit of fig. 12). 


4. TRANSDUCERS INTERFACING 


The microphone amplifier (3) has a differential input 
stage with high impedance (= 40 KQ) so allowing a 
good matching to the microphone by means of ex- 
ternal resistor without affecting the sending gain. 
The receiving output stage (6) is particularly inten- 
ded to drive dynamic capsules. (Low output impe- 
dance, 100 Q max ; high current capability, 3 mAp). 


When a piezoceramic capsule is used, it is useful to 
increase the receiving gain by increasing R1 value 
(see the relationship for Vr). 


With very low impedance transducer, DC decou- 
pling by an external capacitor must be provided to 
prevent a large DC current flow across the transdu- 
cer itself due to the receiving output stage offset. 


5. MULTIFREQUENCY INTERFACING 


The LS356 acts as a linear interface for the Multifre- 
quency synthesizer M761 according to a logical si- 
gnal (mute function) present on pin 3. 


When no key of the keyboard is pressed the mute 
state is low and the LS356 feeds the M761 through 
pin 15 with low2voltage and low current (standby 
operation of the M761). The oscillator of the M761 
is not operating. 


When one key is pressed, the M761 sends a "high 
state" mute condition to the LS356. A voltage com- 
parator (8) of LS356 drives internal electronic 
switches : the voltage and the current delivered by 
the voltage supply (9) are increased to allow the 
operation of the oscillator. 


This extra current is diverted by the receiving and 
sending section of the LS356 and during this ope- 
ration the receiving output stage is partially inhibited 
and the input stages of sending and receiving am- 
plifiers are switched OFF. 


A controlled amount of the signalling is allowed to 
reach the earphone to give a feedback to the subs- 
criber ; the MF amplifier (10) delivers the dial tones 
to the sending paths. 


The application circuit shown in fig. 9 fulfils the EU- 
ROPE II standard (— 6, — 8 dBm). If the EUROPE | 
levels are required (— 9, -—11 dBm) an external divi- 
der must be used (fig. 10). 


The mute function can be used also when a tempo- 
rary inhibition of the output signal is requested. 
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Figure 10 : Application Circuit with Multifrequency (EUROPE |). 
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Figure 12 : Application Circuit without Multifrequency. 
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Figure 14 : Application Circuit with Fixed Gain Figure 15 : External Mute Function. 
Operation. 


a) with multifrequency 


Mute 


| 
Ry=0 Max gain condition $- 4929 


Rx=0 Min gain condition 


b) without multifrequency 


In addition to the above mentioned applications, dif- The following table (refer to the application circuit of 
ferent values for the external components can be fig. 9) can help the designers. 
used in order to satisfy different requirements. 


APPLICATION INFORMATION 


| Component _| Value | Purpose | Note 


R1 controls the receiving gain. When high current values are 
allowed, Ri must be able to dissipate up to 1 W. 
The Ratio R2/R1 fixes the amount of signal delivered to the line. 
R1 helps in fixing the DC characteristic (see R3 note). 


The relationships involving R3 are : 
— Zui = (20 R3//ZB) + R1 
Ge =K> ZLNZM 

R3 
—-V_ =(I_t — lo) (R3 + R1) + Vo; Vo = 3.8 V. 
Without any problem it is possible to have a Zy_ ranging from 
600 up to 900 Q. As far as the power dissipation is concerned, 
see R1 note. 


Bridge 
Resistors 


Line Current 
Sensing. 
Fixing DC 
Characteristic 


13KQ_ | Bias Resistor 


2.2 KQ Balance 
Network 
ad oe 


The suggested value assures the minimum operating current. It is 
possible to increase the supply current by decreasing R4 (they 
are inversely proportional), in order to achieve the shifting of the 
AGC starting point. 


It it possible to change R5 and Ré6 values in order to improve the 
matching to different lines ; in any case : 


Zp =R5 + R6//Xc4 
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APPLICATION INFORMATION (continued) 


[Component | Value | Purpose | Nt? 


R7-R7' 100 Q Receiver R7 and R7' must be equal ; the suggested value is good for 
: Impedance matching to dynamic capsule ; there is no problem in increasing 
- | Matching and decreasing (down to 0 Q) this value. ADC decoupling must 
be inserted when low resistance levels are used to stop the 
Microphone 
Impedance 
Matching 


current due to the receiver output offset voltage (max 200 mV). 
Regulator AC 


Bypass 


The suggested value is typical for a dynamic microphone, but it is 
possible to choose R8 in a wide range. 


A value greater than 10 pF gives a system start time to high for 
low current line during MF operation ; a lower value gives an 
alteration of the AC line impedance at low frequency. 


C2 47 nF Matching to a C2 changes with the characteristics of the transmission line. 
Capacitive Line 
, | 


C3 depends on balancing and line impedance versus frequency 
Flatness 


Balance Network] See note for R5, R6 


The C5 range is from 0.1 pF to 0.47 uF. The lowest value is ripple 
limited, the higher value is starting up time limited. 


Receiving 
Output DC 
Decoupling 
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PROGRAMMABLE TELEPHONE SPEECH CIRCUIT 


DESCRIPTION 


The LS588 is a monolithic integrated circuit in 16 
lead dual in-line plastic package. Designed as a re- 
placement for the hybrid circuit in telephone sets it 
performs all the functions previously carried out by 
this circuit. 


With the LS588 it is possible to select the operating 
mode (fixed or variable gain). The device works with 
both piezoceramic and dynamic transducers and 
therefore its gain, both in sending and receiving 
paths, can be present by means of two external re- 
sistors. This feature can also be obtained in AGC 
operating mode, when the device automatically ad- 
justs the Rx/Tx gains to compensate for the line at- 
tenuation by sensing the line current. 


The LS588 can supply the decoupling FET when 
working with an electret microphone. Output impe- 
dance can be matched to the line independently of ORDER CODE :LS588N1 
transducer impedance. 


In addition, the LS588 can be set in power down 
state, where the device displays a strow decrease 
of the current consumption (about 8 mA), still main- 
tains DC and AC impedances to the line (for paral- 
lel operation with a DTMF generator). 


DIP16 
(Plastic 0.25) 


PIN CONNECTION (top view) 


GAIN CONTROL []1 AC LOOP OPENING 


AC AND DC 

MICROPHONE IMPED CONTROL 
ae SENDING AMPL. 
’ OUTPUT 

SENDING GAIN LINE +AND 
PROGRAM. REC. INPUT 


RECEIVING GAIN 
PROGRAM. : BIAS RESISTOR 


MUTE REF. VOLTAGE 


BAL.NETWORK 
AND REC.INPUT EARPHONE 


OUTPUT 
LINE (GND) 
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ABSOLUTE MAXIMUM RATINGS 


THERMAL DATA 


} Rth j-amb Thermal Resistance Junction—ambient Max | 80 | eC 


BLOCK DIAGRAM 


SENDING @ RECEIVING 
STAGES 


BIAS 
RESISTOR 


RECEIVING . ° SENOING 
GAIN PIN16 : . Ei GAIN 
@ 
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TEST CIRCUITS 
Figure 1. 


Figure 2. 


TEST 


CIRCUIT CIRCUIT 


Figure 4, 


TEST 
CIRCUIT 
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ELECTRICAL CHARACTERISTICS (Refer to test circuits, Tam = - 25 to + 50 °C, f = 200 to 3400 Hz, 
I, = 15 to 100 mA, Rz = 17.3 kQ, Rg = 17.1 kQ, S1 in A, S2 in A, unless otherwise specified) 


[Symbol] Parameter | Test Conditions | Min. | Typ. | Max. | Unit | Fig. | 


AGG. On 


VL Line Voltage IL =15 mA Tamb = 25 °C 

I. =25mA 

IL =50 mA 

IL = 120 mA 
Common Mode Rejection f=1 kHz | 50 | | | ow] 2 | 
— vam [or [oo[ Ts 
won [ws[ [wee fo 


Sending Gain Variation lrep =50 mA +05 
vs. Current Tamb = 25 °C 


vs. Current | een in -B) lrep =50 MA IL =25 mA | 40] | 
[Seer = 25 CC I =100 mA 20 
vs. | vs. Frequency ‘| frep = 1 kHz | 0.5 | 


Sending Distortion IL =15 to 25 mA 
Vso = 450 mV f = 1 kHz 


I, =25 to 100 mA a. 


Vso =1.6V f =1 kHz 


Sending Noise Co a a 
Microphone Impedance 


Receiving Gain IL =50 mA 2 
oe LEE 
Tamb = 25 °C 
Vai = 570 mV Rg = 14.7kQ | —0.1 1.9 


3 . 


|B 
| 3B | 
_ dB 
i 
hal 
dBm _ 


Receiving Gain Variation lrep =50 MA +05 
vs. Current Tamb = 25 °C 
vs. Current (S1 in B) | lrep = 50 mA IL =25 mA 40] | 6 | 
Fam 25° [it=tooma_[-20] | 0 | 4 


fret = 1 kHz | 


THDrR Receiving | Distortion Vai = 570 mV 
Vai =775 mV 


05 
Le 
SS 
| Na_| ReceivingNoise | Vnn=Omv 
| Zro | Receiving Output Impedance| Vao=50mV_ | 
|| Sidetone tte | 
Zu. | Line Matching Impedance | Vai=08v =the | 660 
ad 
— 


Max Receiving al Vai = 
(click suppression) 


Microphone Supply Rioad = 2.2 kQ 
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ELECTRICAL CHARACTERISTICS (continued) 


Symbol_Paremeter_] "Test Gonetvons in. typ. 1ex.[ Unit ig 


MUTE OPERATION 


a Mute Threshold Voltage (pin 6) 


ee | Muting Operation Curr. aes 6) (S2 in B) 


Line Dynamic in Mute 
Condition 


P| Line Voltage in Mute Condition (S2 in B) 


CIRCUIT DESCRIPTION 


1. DO CHARACTERISTIC 
In accordance with CCITT recommendations, any 


_ device connected to a telephone line must exhibit a 


proper DC characteristic VL, IL. 

The DC characteristics of the LS588 is determined 
by the shunt regulator (block 2) together with two 
series resistors Ri and Re (see the block diagram). 
The equivalent circuit is shown in fig. 5. 

A fixed amount, lo, of the total available current, IL, 
is drained to allow the circuit to operate correctly. 
The value of lo can be programmed externally by 
changing the value of the bias resistor connected to 
pin 12. 

The recommended minimum value of lo is 7.5 mA 
with R pin 12 = 26 KQ. 

The voltage Vo = 3.8 V of the shunt regulator is in- 
dependent of the line current. 

The shunt regulator (block 2) is controlled by atem- 
perature compensated voltage reference (block 1). 
Fig. 6 shows a more detailed circuit configuration of 
the shunt regulator. 

The difference IL-lo flows through the shunt regula- 
tor since Ib is negligible. 

la is an internal constant current generator ; hence 
Vo=Va+la- Ra =3.8 V. 

The VL, IL characteristic of the device is therefore si- 
milar to a pure resistance in series with a battery. 

It is important to note that the DC voltage at pin 16 
is proportional to the line current Vie = Vis + 
Ve = (IL - Io) Ra + Ve. 


2. TWO TO FOUR WIRES CONVERSION 


The LS588 performs the two wire (line) to four wire 
(microphone, earphone) conversion by means of a 
Wheatstone bridge configuration thus obtaining the 
proper decoupling between sending and receiving 
signals (see fig. 7). 


enema [ae 
te Gorerey J 18 jf Nn 


(S2 in B) IL =3.5 ee 2. mV 

THD =2%] IL =4 mA 850 

IL =3.5 mA 
I = 4 mA 


The AC signal from the microphone is sent to one 
diagonal of the bridge (pin 8 and 14). A small per- 
centage of the signal power is lost on Zp (since 
Zp >>Z-) ; the main part is sent to the line via Ri. 
In receiving mode, the AC signal coming from the 
line is sensed across the second diagonal of the 
bridge (pin 7 and 13). After amplification it is applied 
to the receiving capsule. 

The impedance Zy is simulated by the shunt regu- 
lator which also acts as a transconductance ampli- 
fier for the transmission signal. 


The impedance Zw is defined as AV(14-8) 
~Ali14-8). 


From fig. 6, considering C1 as a short circuit to the 
AC signal, any variation in Vi4 generates a variation 
as follows : 


Vis=VaA=Vi4 Rb 


Ra + Rb 
the corresponding current change is : 
AVi5 
Rs 


Al = 


Figure 5 : Equivalent DC Load to the Line. 


For a perfect balancing of the bridge 4 . Rr 
ZB Re 
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therefore 


AVi4 Ra 
Z = = 1 —_——. 
— Al Rs ( "Rb. 

The total impedance across the line connections 


(pin 13 and 8) is given by 
Zmv = Ri + Zu // (Re + Zp) 
By choosing Zum Ri and Zp Zu 


Zu = ZM = Ra (1 + Hay 
Rb 


The amplitude of the signal received across pins 13 
and 7 can be changed using different values of Ri. 
- (Of course the relationship! =Bt must always be 
valid. 


The received signal is related to the value of Ri ac- 
cording to the approximated relationship : 


Ri 
Va=VRai2 ——— 
R= VRI Py + Zu 
Note that if the value of Ri is changed the transmis- 
sion signal current is not changed, since the micro- 
phone amplifier is a transconductance amplifier. 


"3, INPUT AND OUTPUT AMPLIFIERS 


The microphone amplifier (4) has a differential input 
stage with high impedance (min 11 K) so allowing a 
good matching to the microphone by means of an 
external resistor without affecting the sending gain. 


The receiving output stage (8) is intended to drive 
both piezoceramic and dynamic capsules. It has low 
output impedance, a maximum voltage swing grea- 
ter than 2 Vp anda peak current of 2 mA. 


With very low impedance transducers, DC decou- 
pling by an external capacitor must be provided to 
prevent a large DC current flow across the transdu- 
cer itself due to the receiving output stage offset. 


4. GAIN CONTROL 


It is possible to set the LS588 gain characteristics 
by means of one pin (pin 1). 


‘When the pin 1 is grounded, ‘the gains of the sen- 
ding and receiving amplifiers do not depend on the 
line current (AGC off). When the pin 1 is connected 
to pin 15 the LS588 automatically changes the gain 
to compensate for line attenuation (AGC on). 


4.1. AGC OFF :In this conditions, as already men- 
‘tioned, both the sending and the receiving gain are 
‘fixed. Their values are determined, independently 
for the two paths, by the two external resistors R7 
(for Tx, between pin 4 and ground) and Re (for Rx, 
between pin 5 and ground), in a wide range (see 
fig. 8 and 9). 


4.2. AGC ON : Starting from any couple of gain va- 
lues, fixed by the appropriate values of R7 and Rg, 


the LS588 can automatically change the sending 
and receiving gains depending on the line current. 
The line current is sensed across Rs (see fig. 7) and 

transferred to pin 16 by the regulator. 


Vie = Ve + Vis = Ve + (IL- lo) Ra 


Following comparison with an internal reference 
(block 1) the voltage at pin 1 is used to modify (block 
3) the gain of the amplifiers (5) and (7) on both the 
sending and receiving paths. 


The starting point of the automatic level control is 
obtained at IL = 25 mA when the drain current Ip = 
7.5 mA. 


The external resistors R7 and Rg fix the maximum 
value for the gains. 


Minimum gain is reached for a line current of about 
100 mA when the same drain current lo of 7.5 mA 
is used. 


5. DC SHUNT REGULATOR 


The LS588 has built into the chip a DC shunt regu- 
lator intended to supply (pin 11) the coupling FET 
when an electret microphone is used. It delivers 
1 mAp current with a voltage of 2 Volts (typ) regar- 
dless of the line current. 


6. MUTE CONDITION AND MUTIFREQUENCY 
INTERFACING 

- A logical control (mute) at pin 6 allows opera- 
tion in parallel with a proper DTMF generator 
connectable to the line. 

. When pin 6 is set high (more than 1.8 Volt) 
the mute logic circuit (block 9) switches off 
both sending and receiving stages (mute 
Switch) and reduces (1) the bias current, to 
sabe about 10 mA, available for the paralle- 
led DTMF generator. 


In this condition the LS588 still shows to the line the 
specified AC impedance (650 to 850 Q) not provi- 
ded by the DTMF generator which acts as a current 
generator. 


7 ANTICLIPPING APPLICATION 


Itis possible to avoid distortion of the sending signal 
limiting the sending gain with an external control at 
pin 4 (gain programming). 

The maximum level to the line will be : 

Vs = 0.6 V x Pact + Race 
e 2 Race 

The following table can be helpful to the designer 
when choosing different values for the external com- 


ponents, it refers to the typical application circuit of 
fig. 10. 
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Figure 6 : Circuit Configuration of the Shunt Regulator. 


Figure 7 : Two to four Wires Conversion. 
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- Figure 8 : Sending Gain vs. R7 Value (AGC OFF). Figure 9 : Receiving Gain vs. Rg Value (AGC OFF). 
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Figure 10 : Typical Application Circuit (piezoceramic transducers 
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Figure 11 : Anticlipping Application. 
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APPLICATION INFORMATION 
Figure 12 : Application Circuit with Electret Microphone. 
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TELEPHONE SPEECH CIRCUIT WITH MULTIFREQUENCY 
TONE GENERATOR INTERFACE 


» PRESENTS THE PROPER DC PATH FOR THE 
LINE CURRENT, PARTICULAR CARE BEING 
PAID TO HAVE LOW VOLTAGE DROP 

a» HANDLES THE VOICE SIGNAL, PERFOR- 
MING THE 2/4 WIRES INTERFACE AND 
CHANGING THE GAIN ON BOTH SENDING 
AND RECEIVING AMPLIFIERS TO COMPEN- 
SATE FOR LINE ATTENUATION BY SENSING 
EITHER THE LINE CURRENT OR THE LINE 
VOLTAGE. IN ADDITION, THE LS656 CAN AL- 
SO WORK IN FIXED GAIN MODE 

mu ACTS AS LINEAR INTERFACE FOR MF, SUP- 
PLYING A STABILIZED VOLTAGE TO THE DI- 
GITAL CHIP AND DELIVERING TO THE LINE 


THE MF TONES GENERATED BY THE M761 


DESCRIPTION 


The LS656 is a monolithic integrated circuit in 16- 
lead plastic package to replace the hybrid circuit in 
telephone set. It works with the same type of trans- 
ducers for both transmitter and receiver (typically 
dynamic capsules). Many of its electrical characte- 


BLOCK DIAGRAM (DIP16) 


DIP16 
(Plastic 0.4) 


ORDER CODES : LS656B - LS656AB (DIP16) 
LS656D1 - LS656AD1 (SO-20) 


ristics can be controlled by means of external com- 
ponents to meet different specifications. 

In addition to the speech operation, the LS656 acts 
as an interface for the MF tone signal (particularly 
for M761 C/MOS frequency synthesizer). 
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ABSOLUTE MAXIMUM RATINGS 


[~*”~*~*~*~«éRarameter—=SSSS*di'CSCSTest Conditions | Unit_ 
mA 
mA 

1 
°C 


ion) 
[Forward line Curent | 5m 
| | Reverse Line Curent. | 150 mA 
| Pror__| Total Power Dissipation at Tams =70°C | TW 

| Operating Temperature | 45 to70 | 


THERMAL DATA 


Thermal Resistance Junction-ambient Max a: ee ee 


PIN CONNECTIONS (top view) 


MIC INPUT MIC INPUT 

MIC INPUT 

VDD 

MF INPUT 
RECEIVER OUTPUT 
RECEIVER OUTPUT 
INPUT+(REC AMP} 
INPUT-(REC AMP) 
- LINE 

N.C. 

N.C. 


MIC INPUT 
+ LINE 


MUTING MF INPUT : MNUTING 
BIAS ADJ 


BIAS ADJ. RECEIVER OUTPUT “HUNT REG.BYPATS 


D.C.REG. 

ayeneee RECEIVER OUTPUT LINE CURRENT SENSING 
GAIN CONTROL 

DC REGULATOR 11]] INPUT+(REC AMP) N.C. 


N.C. 


+LINE Yoo 


womamanaa»#rk Wn 


> 
Cc 


LINE CURRENT 
10]] INPUT-(REC AMP) 
SENSING | MGBLSES6-B81 


GAIN CONTROL 


TEST CIRCUITS 
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Figure 1. 
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Figure 3. 
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Figure 2. 


TEST 
CIRCUIT 
R=6.8KN 


Side tone = 20 
VMI 


Figure 4. 
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CIRCUIT 


(jy SGs-THomson — ES 
S/ MICROELECTRONICS 


, LS656 


ELECTRICAL CHARACTERISTICS (refer to the test circuits, Vg = 1 to 2 V, I = 12 to 80 mA, S1, S2 
and.S3 in (a), Tamp =— 25 to + 50 °C, f = 200 to 3400 Hz, unless otherwise specified) 


Symbol| Parameter_| ‘Test Conditions | _ Min. | Typ. | Max. | Unit | Fig. | 


SPEECH OPERATION 


Line Voltage Tamb = 25 °C IL =12mA 3.4 eS 
lL =30 mA V 
1. =60 mA 

Common Mode = 41 kHz 

Rejection 


Gs Sending Gain 
for B and D1 
Types 
Sending Gain = . IL =25 mA 
for AB and AD1 IL =50 mA 


Sending Gain = frerp = 1 kHz 
Flatness for B 

and D1 Types 

(vs. freq.) 

Sending Gain = frep = 1 kHz 
Flatness for AB 

and AD1 Types 

(vs. freq.) 


Sending Gain Vm =3 mV lrep = 50 MA : 7 + 0.5 


+ 
oO &o 5S 
ue el on on 


Flatness for B $3 in (b) 
and D1 Types 
(vs. current) 


+ 
ook, 


—_—_ —, 


Sending Gain Vul =3 mV lrep =50 mA 


Flatness for AB | S93 in (b) 
and AD1i Types 


+ 


(vs. current) 


PS 


Sending = Vso = 775 mV 


3S 


Distortion for B = ' Vso = 900 mV 


and Di Types 


Sending f =1 kHz Vso = 775 mV 
Distortion for AB} I, = 16 mA so = 900 mV 


oS 3s 


and AD1 ee 


| Sending Noise Noise Var =OV;Vg=1V -__| - 71 


xo) 


Microphone 
Input pape ceee 


Sending Gain in | Vy = 2 mV 
MF Operation S2 in (b) 


a. 
x |W 
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ELECTRICAL CHARACTERISTICS (continued) 


Symbol] Parameter | Test Conditions | Min. | Typ. | Max. | Unit | Fig. 


Receiving forB | Va, =0.3 V 
and Di Types f=1 kHz 
Tamb = 25 °C 


Receiving for AB] Va; = 0.3 V 
and AD1 Types | f=1 kHz 
Tamb = 25 °C 


IL =25 mA 


I =50 mA 
IL =25 mA 


IL =50 mA 
fret =1 kHz 


Receiving Gain 
Flatness for B 
and D1 Types 
(vs. freq.) 


Receiving Gain frep = 1 KHz 
Flatness for AB 

and AD1 Types 

(vs. freq.) 


Receiving Gain | Va, =0.3 V lrep =50 MA 
Flatness for B S3 in (b) 

and Di Types 

(vs. current) 


+ 
—. ° 


- ea 


Receiving Gain | Va; =0.3 V lrep = 50 MA 
Flatness for AB | S93 in (b) 

and AD1 Types 
(vs. Current) 


| | 
— —s 


+ 
ot 
z= 


Receiving 
Distortion for B 
and D1 Types 


Vro = 400 mV 
IL =15 mA Vro = 450 mV 


Receiving 
Distortion for AB 


Vro = 400 mV 
IL =15 mA . Vro = 450 mV 


Receiving 
Ouptut 
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ELECTRICAL CHARACTERISTICS (continued) 
Symbol] Parameter _ Test Conditions | Min. | Typ. | Max. | Unit | Fig. | 
MULTIFREQUENCY SYNTHESIZER INTERFACE 
DD MF Supply $2 in (b) 2.4 2.5 2.7 V 
Voltage Stand 
by and 
Operation 
MF Supply S2 in (b) 
Current Stand 
by Operation mA 
mA 
MF Amplifier fein = 1 kHz 
Gain Vee in = 80 mV 
Vi DC Input Varin = 80 mV Vop V 
Voltage Level x 0.3 
(pin 14) 
Input Impedance} Var in = 80 mV 
(pin 14) 
Distortion forB | Varin = 150 mVp 
and Di Types IL >17mA 
Distortion for AB} Ver in = 150 mVp 
and AD1 Types | IL > 17 mA 
Starting Delay 
Time 
Muting Speech Operation ee ee ee 
Threshold 
Voltage (pina) _| MF Operation co a 
Muting Stand by 
Current (pin 3) ) 
Muting S2 in (b) 
Operating 
Current (pin 3) 
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CIRCUIT DESCRIPTION 


1. DO CHARACTERISTIC 


The fig. 5 shows the DC equivalent circuit of the 
LS656. 


A fixed amount lo of the total available current IL is 
drained for the proper operation of the circuit. The 
value of lo can be programmed externally by chan- 
ging the value of the bias resistor connected to pin 
4 (see block diagram). 


The minimum value of lo is 7.5 mA. 


The voltage Vo = 37 V of the shunt regulator is in- 
dependent of the line current. 


Figure 5 : Equivalent DC Load to the Line. 


LS656 


The shunt regulator (2) is controlled by a tempera- 
ture compensated voltage reference (1) (see the 
block diagram). 


Fig. 6 shows a more detailed circuit configuration of 
the shunt regulator. 


The difference IL-lo flows through the shunt regula- 
tor being lb negligible. la is an internal constant cur- 
rent generator ; hence Vo = VB + la. Ra=3.7 V. 


The VL, I_ characteristic of the device is therefore si- 
milar to a pure resistance in series to a battery. 


$-4365 
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LS656 


It is important to note that the DC voltage at pin 5 is 
proportional to the line current (V5 = V7 + VB = (IL - 
lo) R3 + Vp). 


Figure 7 : DC Characteristic. 
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2. TWO TO FOUR WIRES CONVERSION 


The LS656 performs the two wires (line) to four wires 
(microphone, earphone) conversion by means of a 
Wheatstone bridge configuration so obtaining the 
proper decoupling between sending and receiving 
signals (see fig. 8). 

. ZL_ Ri 
For a perfect balancing of the bridge cB ORD 
The AC signal from the microphone is sent to one 
diagonal of the bridge (pin 6 and 9). A small percent- 
age of the signal power is lost on Zp (being Zp 
>> Z.) ; the main part is sent to the line via R71. In re- 
ceiving mode, the AC signal coming from the line is 
sensed across the second diagonal of the bridge 
(pin 11 and 10). After amplification itis applied to the 
receiving capsule. 


The impedance Zm is simulated by the shunt regu- 
lator that is also intended to work as a transconduc- 
tance amplifier for the transmission signal. 


AV6-9 
Ale—9 


From fig. 6 considering Ci as a short circuit for AC 
signal, any variation AVe generates a variation : 


The impedance Zm is defined as 


AV7 = AVa=AVe* _ he 


feet eee IL les 


The DC characteristic of the LS656 is shown in 
fig. 7. 


60 BO 1 {mA) 


The total impedance across the line connections 
(pin 11 and 9) is given by 


Zm_ = Ri + Zu//(R2 + Zp) 
By choosing Zu = Ri and Zg2 Zu 
2M = Zu = R38 (1 +82) 
Rb 


The received signal amplitude across pin 11 and 10 
can be changed using different value of R1 (of 
course the relationship Z1/Zg = R1/R2 must be al- 
ways valid). , 
The received signal is related to R1 value according 
to the approximated relationship : 


R1 
Va=2Va —— 
RS AT + Zi 

Note that by changing the value of R1, the transmis- 
sion signal current is not changed, being the micro- 
phone amplifier a transconductance amplifier. 
3. AUTOMATIC GAIN CONTROL 
The LS656 automatically adjusts the gain of the sen- 
ding and receiving amplifiers to compensate for line 
attenuation. 
This function is performed by the circuit of fig. 9. 


The differential stage is progressively unbalanced 
by changing Ve in the range 1 to 2 V (Vrerc is an 


Ra + Rb internal reference voltage, temperature compensa- 
The corresponding current is ted). 
AV7 It changes the current Ia, and this current is used as 
Al = a°ky a control quantity for the variable gain stages (am- 
plifier (4) and (5) in the block diagram). The voltage 
Therefore a) 7 Va can be taken : 
2M = ar =R3 (1 t= ) a) from the LS656 itself (both in variable and in fixed 
b 
mode) and. - 
8/15 
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b) from a resistive divider, directly at the end of the 
line. 


a) In the first case, connecting Va (pin 8) to the re- 
gulator bypass (pin 5) it is possible to obtain a gain 
characteristic depending on the current. 

In fact (see fig. 6) 


Vs = Ve + V7= VB = (IL - lo) R3 


The starting point of the automatic level control is 
obtained at IL = 25 mA when the drain current 
l= 7.5 mA. 


Minimum gain is reached for a line current of about 
50 mA for the same drain current lo = 7.5 mA. When 
lo is increased by means of the external resistor 
connected to pin 4, the two above mentioned va- 
lues of the line current for the starting point and for 
the minimum gain increase accordingly. 


It is also possible to change the starting point without 
changing Ip by connecting pin 8 to the centre of a 
resistive divider placed between pin 5 and ground 
(the total resistance seen by pin 5 must be at least 
100 KQ). In this case, the AGC range increases too; 
for example using a division 1 : 1 (50 K/50 kK) the 
AGC starting point shifts to about IL = 40 mA, and 


the minimum gain is obtained at IL = 95 mA. In ad- - 


dition to this operation mode, the Vc voltage can be 
maintained constant thus fixing the gain value (Rx, 
Tx) independently of the line conditions. 


Figure 8 : Two to Four Wires Conversion. 


LS656 


For this purpose the Vpp voltage, available for sup- 
plying the MF generator, can be used. 


b) When gains have to be related to the voltage at 
the line’ terminals of the telephone set, it is neces- 
sary to obtain Vc from a resistive divider directly 
connected to the end of the line. 


This type of operation meets the requirements of the 
French standard. (See the application circuit of 
fig. 13). 


4. TRANSDUCER INTERFACING 


The microphone amplifier (3) has a differential input 
stage with high impedance (= 40 KQ) so allowing a 


good matching to the microphone by means of ex- 


ternal resistor without affecting the sending gain. 
The receiving output stage (6) is particularly inten- 
ded to drive dynamic capsules. (Low output impe- 
dance (100 Q max) ; high current capability 3 mAp). 


When a piezoceramic capsule is used, it is useful to 
increase the receiving gain by increasing R1 value 
(see the relationship for Vr). 


Whit very low impedance transducer, DC decou- 
pling by an external capacitor must be provided to 
prevent a large DC current flow across the transdu- 
cer itself due to the receiving output stage offset. 
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5. MULTIFREQUENCY INTERFACING 


The LS656 acts as a linear interface for the Multifre- 
quency synthesizer M761 according to a logical si- 
gnal (mute function) present on pin 3. 


When no key of the keyboard is pressed the mute 
state is low and the LS656 feeds the M761 through 
pin 15 with low voltage and low current (standby 
operation of the M761). The oscillator of the M761 
is not operating. 


When one key is pressed, the M761 sends a "high 
state" mute condition to the LS656. A voltage com- 
parator (8) of LS656 drives internal electronic 
switches ; the voltage and the current delivered by 
the voltage supply (9) are increased to allow the 
operation of the oscillator. 


Figure 9. 


This extra current is diverted by the receiving and 
sending section of the LS656 and during this ope- 
ration the receiving output stage is partially inhibited 
and the input stages of sending and receiving am- 
plifiers are switched OFF. 


A controlled amount of the signalling is allowed to 
reach the earphone to give a feedback to the subs- 
criber ; the MF amplifier (10) delivers the dial tones 
to the sending paths. 


The mute function can be used also when a tempo- 
rary inhibition of the output signal is requested. The 
application circuit shown in fig. 10 fulfils the EU- 
ROPE I! standard (-6, -8 dBm). If the EUROPE | le- 
vels are required (-9, -11 dBm) an external divider 
must be used (see fig. 11). 
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APPLICATION INFORMATION 
Figure 10 : Application Circuit with Multifrequency (Europe II STD). 


Figure 11 : Application Circuit with Multifrequency (Europe | STD). 


LS 656B 
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Figure 12 : Sending and Receiving Gain vs. Line Current (application circuit of fig. 10). 
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Figure 14 : Application Circuit with Gain Controlled by Line Voltage (french standard). 
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Figure 15 : Application Circuit with Fixed Gain Operation. 
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Figure 16 : External Mute Function. 
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a) with multifrequency b) without multifrequency 


In addition to the above mentioned applications, different values for the external components can be used 
in order to satisfy different requirements. 
The following table (refer to the application circuit of fig. 10) can help the designers. 


[Component | Value | Purpose [——=SS~ Ne SCSC~*” 


iT R1 controls the receiving gain. When high current values are allowed, 


R1 must be able to dissipate up to 1 W. 
R7-R7' 100 Q 


The Ratio R2/R1 fixes the amount of signal delivered to the line. R14 
a 


Bridge _ 
Resistors 


helps in fixing the DC characteristics (see R3 note). 


The relationships involving R3 are : 
- Zm_ = (20 R38//Zp) + R1 
ZLI/ZMv 
Gs =K “RB 

- VL =(IL — lo) (R3 + R1) + Vo ; Vo = 3.7 V 

Without any problem it is possible to have a Zum: ranging from 600 
up to 900 Q. As far as the power dissipation is concerned, see R1 
note. 


The suggested value assures the minimum operating current. It is 
possible to increase the supply current by decreasing R4 (they are 
inversely proportional), in order to achieve the shifting of the AGC 
starting point. (see fig. 16). After R4 changement, some variations 
could be found also in other parameters, i.e. line voltage. 


It's possible to change R5 and Ré6 values in order to improve the 
matching to different lines ; in any case : 
Zea R2 : 


Z. Ri 
Zp =R5 + R6//Xca 


R7 and R7', must be equal ; the suggested value is good for 
matching to dynamic capsule ; there is no problem in increasing and 
decreasing (down to 0 Q) this value. A DC decoupling must be 

inserted when low resistance levels are used to stop the current due 
to the receiver output offset voltage (max 200 mV). 


Line Current 
Sensing 
Fixing DC 
Characteristic 


13 kQ Bias Resistor 


Balance 
Network 


Receiver 
Impedance 
Matching 


Microphone 
Impedance 
Matchin 
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Regulator AC A value greater than 10 pF gives a system start time too high for low 
current line during MF operation ; a lower value gives an alteration of 
the AC line impedance at low frequency. 


Matching to a} C2 changes with the characteristics of the transmission line. 
Capacitive 
Line 


Receiving 
Gain 
Flatness 


15 nF Balance See note for R5, Ré. 
Network 
ma 0.33 uF | DC Filtering | The C5 range is from 0.1 pF to 0.47 uF. The lowest value is ripple 


limited, the higher value is starting up time limited. 


C6-C7 | 1000pF [RFbyPass | 
Receiving See note for R7, R7. 

Output DC 

Decoupling 
Receiving 
Input DC 
Decoupling 


C3 depends on balancing and line impedance versus frequency. 
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MASK - PROGRAMMABLE SPEECH CIRCUITS 


Key Options 


» MICROPHONE TYPES SUCH AS ELECTRO- 
DYNAMIC/MAGNETIC, ELECTRET OR CERA- 
MIC 


m POWER SUPPLY FOR EXTERNAL CIRCUI- 
TRY 


a AGC CIRCUIT 


a LINE REGULATION OF TRANSMIT/RECEIVE 
GAIN FOR CERTAIN TELEPHONE STATION 
POWER SUPPLIES 


m EXTRA POWER SUPPLY INPUTS FOR OUT- 
PUT AMPLIFIER TO BE USED IN HAND-FREE 
TELEPHONES 


m SPECIAL IMPEDANCE/GAIN 
MENTS 


a» MUTE OR TRANSMIT/RECEIVE AMPLIFIERS 
WITH OR WITHOUT CONFIRMATION TONE 

s ACOUSTIC SHOCK ARRESTORS 

a» SIDETONE CANCELLATION CIRCUITRY 


Pin Options 


=» MUTE/NO MUTE FUNCTION 

» REGULATION OF SIDETONE WITH LINE 
LENGTH 

mu CUT OFF OF ALL LINE REGULATION 


REQUIRE- 


ABSOLUTE MAXIMUM RATINGS 


ADVANCE DATA 
External Components (step by step) 


u DC CHARACTERISTICS - 

a IMPEDANCE 

a TRANSMIT GAIN 

= TRANSMIT LINEARITY 

a RECEIVE GAIN 

= RECEIVE LINEARITY 

a SIDETONE. 

a LOW VOLTAGE OPERATION 


DESCRIPTION 


PBL3726 is a family of mask-programmable speech 
Circuits intended for various telephone applications. 
The flexibility of these circuits allows use of versions 
of PBL3726 in all telecom markets, whether it be in 
an ordinary telephone, a hands-free multi-function 
phone or even as a trunk interface. The versatility is 
based on three levels : 


- Mask options for special requirements 

- Pin options on certain functions 

. Step-by-step design possibility on the basic 
telephone functions making it possible to cut 
down design time to a minimum. This is done 
by changing the values of a small number of 
external components. 


Maximum Ratings over Operating Free-air Temperature Range (unless otherwise stated) 


[Symbol] Parameter__——~—~=S~S~S~S Sat Conitions 


(*) Max current increases linearly up to 130mA with max operating temperature lowered to + 55°C. 
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PBL3726 SERIES 


Figure 1 : Block Diagram and Typical Application. 
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External RC-networks 
1) Line impedance and radio interference suppression 
2) Transmitting amplifier, gain set and frequency adjustment 


3) Receiver amplifier, gain set and frequency adjustment 
4) Side tone adjustment 


For recommended operating conditions see specific data sheets for different versions of PBL3726 


FUNCTIONAL DESCRIPTION 


The gains of the transmitting and receiving ampli- 
fiers are continuously and equally changed with the 
line length. The gain regulation can be cut off exter- 
nally, and the gain will then be the maximum gain 
normally used at long lines. 


The outputs of the transmitting and receiving ampli- 
fiers have internal limitations as to the output ampli- 
tudes. 


The circuit includes a temperature independent volt- 
age reference used for regulating the DC line cur- 
rent and for regulating the transmitting and receiving 
gain. The DC voltage quickly settles to its final value 
with a minimum of overshoot. 


The circuit needs few external components. Ina nor- 
mal practical case there are only 5 external capaci- 
tors, one of which is an electrolytic/tantalum filter 
capacitor. The other capacitors are needed for radio 
interference suppression, to function in the sidetone 
balancing network, and to provide low frequency 
cut-off in each of the transmitting and receiving am- 
plifiers. : 


The circuit has an excellent return loss characteris- 
tic against both purely resistive lines such as 600 Q 
and against complex networks such as 900 Q in par- 
allel with 30 nF. 


The microphone input is balanced to provide a good 
CMRR. 


It is possible to add a push-button controlled cut-off 
of the transmitting amplifier of the circuit without dis- 
turbing any of the other circuit functions. 

A mute input is included to : 

1) Cut off the transmitting amplifier (F1) 

2) Reduce gain in the receiving amplifier 

3) Reduce current consumption to lower power loss 


The DC regulation works independently of the mute 
function and is not influenced by the mute signal. 
External mute-contro! of the circuit from a DTMF 
generator is then possible. ; 


The receiver amplifier is equipped with a high im- 
pedance input stage, allowing a less expensive RC 
network on the input. 
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Only resistive elements are used to set the receiv- 
ing gain. 

A push-pull power stage in the receiving amplifier 
provides a high output swing. 

The sidetone balance can be set by an RC network 
without influencing other parameters. An inexpen- 
sive solution requires only one capacitor whereas 
more capacitors may provide better performance. 
The sidetone can be regulated with respect to line 
length. 


Figure 2. 


cote 


° QO 
TRANSMITTING 
CUT-OFF 


A, B, C and D are RC links with the following func- 
tions : 

A: Toset the gain and frequency response for trans- 
mitting 

B : To set the sidetone level (regulation with line 
length is possible) 


Figure 3. 


In this case an extra 20 dB amplification is added to 
the receiving part. A potentiometer provides the 


‘PBL3726 SERIES 


A separate amplifier stage (F3) can be used in se- 
veral different ways, for instance. 


1) Separating the sidetone balance network 
2) Compensating sidetone level for line length 


3) Providing an extra 20dB gain for volume control 
of the receiving amplifier, etc. 


This amplifier has many uses. In the following part 
only two examples of its use are given. 


C : To set the gain and frequency response for re- 
ceiving 

D : For radio interference suppression and to give 
the correct return loss behaviour 


$-8532n 


possibility of adjusting the gain to the required level. 
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PBL3726 SERIES 


BASIC EXTERNAL COMPONENTS 
Ri, R2. 


These resistors set the starting point for the gain and 
sidetone regulation. 


Input impedance on the regulator is about 52KQ + 
2%. Only universal versions of PBL 3726 like 
PBL3726/6, 3726/9 etc. are equipped with this op- 
tion. In the data sheets for these versions there is a 
table showing the R1, R2 values for different central 
office power supplies. The regulation can also be 
cut off by leaving R1 open and shorting R2 to-LINE 
voltage. 


For other PBL 3726 versions the regulation is set in- 
ternally for a specific power supply type. 
C1, C2, R3. 


C1 in series with R3 and these in parallel with C2 
determine the impedance to the line from the set. 


C2 is normally inserted for radio interference sup- 
pression. 


Figure 4 : The PBL3726 and External RC Networks. 
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The network is optimized with regard to the return 
loss. . 


The R3, C1 combination forms a low-pass filter in 
the DC-feedback loop of the transmitting amplifier. 
If the R3 C1 time constant is too low there may be 
distortion at low frequencies. 


If R3 is changed this will change the DC characte- 
ristics too which is set by the voltage at Vpp. The 
input current at Vpp is about 1mA. 


R4, R5, C3, C4. 


The network gives the amplification and frequency 
response for the transmitter. R5 is used when a 
greater reduction of the gain is wanted. Input imped- 
ance at Fa is about 17KQ with typical variation 
+ 20%. The DC load on Fi must be greater than 
40KQ. 


proce cece manne - 
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PBL3726 SERIES 


Figure 5 : Typical Filters. 
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PBL3726 SERIES 


R6. 


Sets the DC Characteristics and dissipates some of 
the supplied power. The resistor also affects, the 
transmitter gain, the output amplitude from the 
transmitter, the gain regulation and the sidetone. 
Common values are 680 to 820. 


Figure 6: Typical DC Characteristics. 


6-5928 


0 20 40 60 
R7, R8, R9, R10, R11, C5. 


This network sets the sidetone balance. The net- 
_ work in the application is one of many possibilities. 


Figure 7 : Sidetone Network. 


80 I (mA) 


TYPE ‘UNREGULATED 


TYPE ; REGULATEO 
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R10 an R11 together balance the signals that exit 
two different ways from the transmitter output stage, 
one from pin 1 and the other from pin 2. The bal- 
ance network consists of R8, R9 and C5. 


Examples given in the data sheets for different ver- 
sions of PBL3726 are not optimized to any specified 


line : they are given only to show the principle. 


Amplifier F3 has a high input impedance. 


Shown in fig. 7 are some different sidetone net- 
works. 


Construction of a sidetone network with regulation 
according to the above can be done as follows : 


The balance impedance A is optimized at a short 
line where the regulation starts. The balance imped- 
ance B is optimized at a long line where the regula- 
tion stops. The circuit generates a continuous 
change between the two balance impedances. Rx 
insures that no DC voltage shall be between Fs3’s 
double positive inputs at the change. 


By breaking up between the negative input and out- 
put of F3 it can be used as an amplifier with amplifi- 
cation greater than unit. In fig. 8 two balance 
networks without F3 are shown. F3 can then be used 
in other applications. 


TYPE * REGULATED 


O) 
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TYPE UNREGULATED 


TYPE UNREGULATED 
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In fig. 9 a circuit is shown, where Fs3 is used as an 
amplifier with an extra 20dB gain at ireceWing and 
with a volume control. 


R12, R13, C6 (R10, R14). 


The network gives the gain and frequency response 
for the receiver. 


R13 is used when a greater reduction of the gain is 
wanted. Input impedance Fg is about 35KQ with ty- 
pical variation + 20%. For different possibilities for 
the design of the network, see the network for the 
transmitter (R4, R5, C3) in fig. 5. 


R14. 


Generates the output impedance to the magnetic 
earphone. 


If a dynamic earphone is used it should be placed 
between outer connections. The middle connection 
is then not used. 


This will give about a double output (for the same 
output current). 


Rectifier. Rectifier bridge and over-voltage protec- 
tor. The zener voltage at fig. 10 should be as low as 
possible. Common values are between 12V and 
16V. 


Figure 9 : 20dB Extra Amplifier (cannot be used 
in all version). 


S-8536/1 


PBL3726 SERIES 


Figure 8 : Sidetone Netrwork without Fs3. 
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Figure 10: Rectifier Bridge and Overvoltage 
Protection. 
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DESIGN RULES 


The following order should always be used when 
designing telephone parameters. 


1) The circuit impedance to the line 

2) DC characteristics 

3) Gain regulation 

4) Transmitter gain and frequency response 
5) Receiver gain and frequency response 
6) Sidetone | 


Components usually have to be added to surpress 
radio interference, especially from the wires up to 
the handset. 


(The circuit can be placed either in the telephone or 
in the handset). 
IMPEDANCE. 


This is determined with the components Ci, C2, and 
R3 in most cases. In fig. 11 a few examples of this 


are shown. If amore complex impedance is desired | 


Figure 11 : Typical Return Loss Against 600Q. 
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as in the example for British Telecom (fig. 12), this 
can also be achieved by copying the mathematical 
model of the desired impedance. 


Examples of line impedance matching : 


[impedance [aa [ci | c2 


Figure 12 : Example of complex Impedance 
Matching. 
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DC CHARACTERISTICS. 


The slope of the DC characteristics is set by the re- 
sistor R6 (fig. 13). The lower value of R6, the flatter 
the slope. With the steaper slope the minimum DC 


Figure 13 : Typical DC Characteristics. 
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voltage also will go down. It is not recommended, 
though, to set the PBL3726 to DC voltages below 
2.5V. If in some circumstances the DC characteris- 
tics of PBL3726 is too low, they can be raised by in- 
serting an extra diode in series with the rectifier 
bridge as in fig. 14. 


GAIN REGULATION. 


When regulation with line length is used on send 
and receive gain, this can be set with the resistors 
R1 and R2. Note that not all versions are equipped 
with this function. By changing the values of these, 
the regulation attack can be set to fit any particular 
need. 


Figure 14 : Rectifier Bridge with Extra Diode. 


A table in the data sheets shows what values to use 
for some standard power supply systems. See 
example in fig. 15. 


Figure 15 : Examples of Line-regulation Setting. 
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PBL3726 SERIES 


Figure 16 : Typical Gain Regulation with Line 
Lenght. 
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TRANSMITTER GAIN. 


The resistor R4 sets the gain by attenuating the sig- 
nal from amplifier Fi. If greater attenuation is 
needed a resistor (R5) can be connected to the 
minus line. 


To get a frequency response appropriate for the 
microphone used a filter function as in fig. 5 can be 
used. These filters were previously described in this 


* document. 
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PBL3726 SERIES 


The circuit can be provided with an unbalanced in- RECEIVER GAIN 

putas infig. 18. 7 In order to get the correct gain on the receive side, re- 
Cut off of the transmitter can be done at Fi without —_sistors R10 - R13 are used. Remember that R10 and 
interfering other functions of the circuit as in fig. 19. R14 also set the rough ratio of the sidetone. R13 is 
Also signals other than DTMF “ener: can be added used only in extreme circumstances, where a very 
at input of Fo. 


Figure 18 : Unbalanced Input. 


sD 


Figure 17 : Typical Response of PBL3726 Using 
Simple Filter. 


oe ne re 
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Figure 19 : Special Function. 
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SIGNAL 
For the version originally developed for electrody- 
namic/magnetic microphones it is also possible to 
use electret microphones as shown in fig. 20. 


Figure 20 : Alternative Microphones of Electromagnetic and Electrodynamic Types for PBL3726. 


MIC LOAD 10KN 


$-8545/1 


a.Electret without source- b .Electret with source— c. Electret with source - 
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high receive gain attenuation is needed. The fre- 
quency response can be altered with the same filters 
used for the send gain (see fig. 5). To get protection 
against acoustic shock the diodes provided on some 
versions after the output of F4 can be used. 


One or two diode pairs can be used. Should this not 
be enough a resistor can be connected after the 
diodes (in series). This should be done before the 
setting of the receive gain. 


Figure 21 : Typical Receive Gain. 
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SIDETONE 


10 m 
STMR = —~— X 10iog {14 —- —— (Wst + LE Ss + Sr + Arst)} 

mn 20" 

i=1 

The most difficult part of the design work is always 
to define the sidetone. This should always be done 
last when designing with PBL3726. The sidetone is 
the sound of your own voice fed back into the ear 
by the handset. 


} 


PBL3726 SERIES 


The subjective effect of this is best seen in the for- 
mula above for "Side Tone Masking Rating". 


Summed at the frequencies f) = 0.2, 
0.25......4KHz (see fig. 22) 

Wst = Weighing factor 

Le = Leakage at receiver capsule 
Ss = Send sensitivity 

Sr = Receive sensitivity 

Arst = Hybrid-loss balance 


The part that can be alteren by the speech circuit is 
the Arst value that can be determined by the formu- 
la: 


Zc +Zso Z+ZC 
Arst = 20 10iog[ ————— xX 


] 
2Zc Z—-Zso 


Where : 
Z = Impedance of the connected telephone line 


Zso = The balance impedance of the central office 
(PABX) 


Zc = Impedance of the speech circuit 
The sum of Z and Zso can be called Zine 


The principle of the traditional so called active 
speech circuit has been the wheatstone bridge (fig. 
23). The formula for the minimum sidetone is to ba- 
lance until : 

Zo Lal 


2 a Zine 
Figure 22 : CCITT Factors. 
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PBL3726 SERIES 


The principle of PBL3726 is more complicated (even Figure 23 : Balance Bridge. 
if calculation with the bridge in fig. 23 is possible). 
With the all-active bridge a method of cancelling the 
sidetone is a summing amplifier makes it possible 
to get not only one but two different sidetone opti- 
mums for different line lengths (see fig. 25). The 
function of the external components in fig. 7 have 
previously been described in this document. Fig. 26 
shows an example of a sidetone network using the 
Wheatstone principle with PBL3726. SASeiii 


Figure 24 : Unregulated Sidetone Network. 
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728 ses 


| Figure 25 : Regulated Sidetone Network. 
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PBL3726 SERIES 


Figure 26 : Wheatstone Type Sidetone Network. 
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PBL3726 SERIES 


APPLICATIONS 


To use PBL3726 in a hands-free telephone with a interface against the telephone line is needed. The 
monitor function the schematics in fig. 27 can be balanced inputs and outputs make this possible 
used. The transformer should be rather efficient. Or- together with the possibility of regulated sidetone. 
dinary transistors can be used. Examples of both one-way and two-way data/signal 


PBL3726 can also be used as trunk interface in communication with PBL3726/6 are shown in fig. 
modems, PABX, key systems etc where an analog _ 28. 


i 


Figure 27 : Monitor Loudspeaker. 
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Figure 28 : Trunk Interface Applications. 
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NOTES 
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PBL3726/6 


MASK - PROGRAMMABLE SPEECH CIRCUITS 


SPEECH CIRCUIT 


a MINIMUM NUMBER OF INEXPENSIVE EX- 
TERNAL COMPONENTS, 5 CAPACITORS 
AND 10 RESISTORS 

a MUTE FUNCTION FOR PARALLEL OPERA- 
TING WITH DTMF GENERATOR OR DECA- 
DING IMPULSING 

x LOW VOLTAGE OPERATING, DOWN TO 3.3V 

ma VERY SHORT START-UP TIME 


DESCRIPTON 


PBL3726/6 is standard version of the PBL3726 fa- 
mily of the mask-programmable, monolithic integra- 
ted speech circuits for use with a low impedance 
microphone. Sending and receiving gain is regula- 
ted with line length. Different ranges of amplifier re- 
gulation for various current feeds can be obtained 
with external resistor or totally cut off. Typical cur- 
rent feeds as 48V 2x 200Q 2x 400Q and 36V 
2 xX 250Q can be handled. 


TEST CIRCUIT 


62K 
. _ 
62KN 
sei 
) 


PBL 3726/6 


: ee a 


ky SGS-THOMSON 


(Plastic) 


ORDER CODE : PBL3726/6 


Application-dependent paremeters as line balance, 
sidetone level and frequency response are set by 
external components. Parameters are set inde- 
pendently which means easy adaptation for various 
market needs. An extra 20dB amplifier can be used 
for various purposes such as extra receiving gain 
with volume control or active sidetone balance. 


OUTPUT 
Q 
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.PBL3726/6 


ABSOLUTE MAXIMUM RATINGS 
Maximum Ratings over Operating Free-air Temperature Range (unless otherwise stated) 


Symbol] ——~S~S~S*~i rameter ——SSSSSCS~*drCSCS et oneitions | Unit 
[Yoo [Tine vos igwe¢ ev 
Moe (*)| Continuous Operating ine Gurrent SSS im 
Pt | vuncton Temperature SSCSC~“‘“CCS*‘“~*~rSC“‘ LN Cd 


(*) Max current increases linearly up to 130mA with max operating temperature lowered to + 55°C. 


RECOMMENDED OPERATING CONDITIONS 


Symbol] Parameter | SM. | Typ. | Max. | Unit 
|| tinecurent tt t0 mA 


CONNECTION DIAGRAM 


DC INPEDANCE [] 2 - 
MATCHING | Ovrey 


GAIN SET 
+0 SUPPLY RECEIVING 


LINE AGC -LINE (GND) 


MUTE MICROPHONE 


INPUT 


SIDETONE 
CIRCUIT GAIN SET 


SIOETONE 
CIRCUIT 


S-6586/1 


TEST SET-UP 


400+ 400 Nn Ry = 0to4Kn MICROPHONE 


(#&) f 2M 2350.0 


CIRCUIT 


O 
EARPHONE 


(3) tuF WHEN LINE 1S USED S- 6761/3 
(33) R20 WHEN LINE IS USED 
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PBL3726/6 


THERMAL DATA 


Thermal Resistance Junction-ambient Max a ee 


ELECTRICAL CHARACTERISTICS (electrical characteristics es over recommended operating conditions) 


Symbol |__Parameter_|__Teat Condivons _| tan. | Tym: | ex. | vit _ 


Terminal Voltage Ipc = 15 MA 3.3 3.7 4.1 
Ipc = 100 mA 11 113 15 
Transmitting Gain (* V2 


20 . logiO ( Vv. ) 1 kHz 


R, =0 ° E=E+10% 
Ri = 400 Q 


Ri = 900 Q — 2.2 kHz 


Transmitting Range of 1 kHz 
Regulation RL=0Q E=E+10% 
to Ry, = 9002 


Lint Transmitting Frequency 200 Hz to 3.4 kHz —1 1 
Response 
RL =02 E=E+10% 


Receiving Gain (*) 
7 
to R_ = 900 Q 


— Receiving Frequency Response | 200 Hz to 3.4 kHz pat} | 4 | oe 
Transmitter Input Impedance 


Transmitter Dynamic Output 200 Hz — 3.4 kHz 
< 2 % Distortion 
Ipc = 20-100 mA 


as es 
200 Hz — 3.4 kHz 3 Vp 
Ipc = O— 100 mA 
V3 =0-1V 

= foe 


REGr 


V 
20 . logi0 ( ae ) 1 kHz 


1 
Ri =0Q E=E+10% 
Ri = 400 Q 


REGrR | Receiving Range of Regulation | 1 kHz 


| 


<= 
4 


a 


Transmitter Max Output 


Zour | Receiver Output Impedance 


Receiver Dynamic Output ** 200 Hz — 3.4 kHz 
< 2 % Distortion 
lnc = 20—100 mA 


Receiver Max Output Measured with Line Rectifier 
200 Hz — 3.4 kHz 
= = 0-100 mA 
=-0-50V 


NT Transmitter Output Noise erry REL1V Mil iow 
Ri 0 


Receiver Output Noise 


A-weighted, REL 1 V, with Cable 
0-5 Km @ 0.5 mm ; 


| fw | Mute Input Current | ot ml 


loc Extra Available Current when lnc = 15-100 mA 10 mA 
Muted at the Same DC-voltage 


* Adjustable to both higher and lower values with external components. 
“* The dynamic output can be doubled. See application notes at R14. 


ps] 
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PBL3726/6 


Figure 1 : Typical Application. 
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rent supplies from telephone stations are shown in 
the next table. No Regulation all Feeding 
8 : Systems 


Some typical values for R1 and R2 for some diffe- 
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PBLSERIES 


PBL3726/8 


MASK - PROGRAMMABLE SPEECH CIRCUITS 


SPEECH CIRCUIT 


=» MINIMUM NUMBER OF INEXPENSIVE EX- 
TERNAL COMPONENTS, 6 CAPACITORS 
AND 10 RESISTORS 

« MUTE FUNCTION FOR PARALLEL OPERA- 
TION WITH DTMF GENERATOR OR DECA- 
DING IMPULSING 

a LOW VOLTAGE OPERATION, DOWN TO 3.3V 

a VERY SHORT START-UP TIME 

» CURRENT-SOURCE GENERATOR FOR AC- 
TIVE MICROPHONES 


DESCRIPTON 


PBL3726/8 is a standard version of the PBL3726 fa- 
mily of the mask-programmable, monolithic integra- 
ted speech circuits for use in electronic telephones. 
It is designed for use with a low impedance micro- 
phone. Sending and receiving gain is regulated with 
the line length. Different ranges of amplifier regula- 
tion for various current feeds can be obtained by 
mask programming. Typical current feeds such as 
48V 2x 800, and 36V 2x 500 can be handled. 


TEST CIRCUIT 


ky SGS-THOMSON 


(Plastic) 
ORDER CODE: PBL3726/6 


Application-dependent parameters are line ba- 
lance, sidetone level and frequency response are 
set by external components. Parameters are set in- 
dependently which means easy adaptation for va- 
rious market needs. An extra 20dB amplifier can be 
used for various purposes such as extra receiving 
gain with volume control or active sidetone balance. 


—LINE 


5-8594/! 
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PBL3726/8 


ABSOLUTE MAXIMUM RATINGS 
Maximum Ratings over Operating Free-air Temperature Range (unless otherwise stated) 


[~SSCParameter———S™~S*S~*dSCSCS nt ontions [Unit 
Cts [storage Tempera SSSCsS*~C~‘“~*~*~*~*édSCSC t= 


RECOMMENDED OPERATING CONDITIONS 


[Symbol] Parameter ———~—S~*wrSin. ‘| Typ. | Max. | Unit 
Pu [linecurent SSCS~C~—SCS~—SsS tm 
[Tans [Ambient Temperature —SOSC~C~C~“‘“~*~*‘“‘“~*~*é~sr SPs 


CONNECTION DIAGRAM 


OUTPUT 
GAIN SET 


+0C SUPPLY mes 


‘MUTE - LINE (GND) 


MICROPHONE 


SIDETONE 
CIRCUIT 


GAIN SET 


TEST SET-UP 


. MICROPHONE 
popes mare Ry, = Oto 4KN 


O 
EARPHONE 


(3)luF WHEN LINE IS USED S- 8763/3 
(2) R(=0 WHEN LINE IS USEO 
‘ 
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PBL3726/8 


THERMAL DATA 


Thermal Resistance Junction-ambient Max a eee ee 


ELECTRICAL CHARACTERISTICS (electrical characteristics over recommended operating conditions) 


Er 


Terminal Voltage Ipc = 10 mA 3: . 4.0 
Ipc =60 mA 10.5 


Transmitting Gain * 


V2 
20 .logi0 ( — )1kHz 

V3 
R. =0 E=E+10% 
Ri = 400 Q 
R_ = 900 Q — 2.2 kHz 
REG | Transmitting Range of 1 kHz 

Regulation Rp =0Q E=E+10% 

‘| to Rp = 900 Q 


Lint Transmitting Frequency 200 Hz to 3.4 kHz 
Response 
Receiving Gain 
Oe g ) 20 .logto ( 4 ) 1 kHz 
5 RL =0Q2 E=E+10% | —17.9 | — 16.5 | -— 15.1 
REGr | Receiving Range of Regulation | 1 kHz 

RL =0Q0 E=E+10% 
to Rp = 900 Q 


| Linn | Receiving Frequency Response| 200Hzto34kHz | -t | | 1 |B 
[aa [ wnt it esse [ee ae 


Transmitter Dynamic Output 200 Hz — 3.4 kHz 
< 2 % Distortion 
Ipc = 11.25 —50 mA 
200 Hz — 3.4 kHz 
lbc = . — 50 mA 
V3 =0-1V 


Transmitter Max Output 


200 Hz — 3.4 kHz 
< 3 % Distortion 
lnc = 11.25 - 50 mA 


Measured with Line Rectifier 

200 Hz — 3.4 kHz 

ae =0-50mA 
=0-—-50V— 


Lek Transmitter Output Noise = ee REL 1V oo eae 
RL = 


* Adjustable to both higher and lower values with external components. 
** The dynamic output can be doubled. See application notes at R14. 


Receiver Dynamic Output ** 


Receiver Max Output 
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PBL3726/8 


ELECTRICAL CHARACTERISTICS (continued) 


[Symbol{___Parameter_{ _Test Gonditions_{ win. | Typ. | Max. | Unit_ 


Receiver Output Noise A-weighted, REL 1 V, with dBa 
Cable 0-5 Km @ 0.5 mm ; 
— 3 Km @ 0.4 mm 
jo Mute Input Current or ff ma 
Minimum DC-line Voltage when nega =2.5 mA 3.0 
Muted Im =0.1 mA 
Supply Current for Microphone | Ipc = 11.25 — 50 mA 
Amplifier 
lpc DC Voltage for Microphone Ipc = 11.25 — 50 mA V 
Amplifier 


* Adjustable to both higher and lower values with external components. 
** The dynamic output can be doubled. See application notes at R14. 


Figure 1 : Typical Application. 


KEYBOARD 


5-859%2 


(#) ELECTRETE MICROPHONE 


CHOON os nc es (7 SGS-THOMSON 
7 merorLecrromes 
266 


PBLSERIES 


PBL3726/9 


MASK - PROGRAMMABLE SPEECH CIRCUITS 


SPEECH CIRCUIT 


a MINIMUM NUMBER OF INEXPENSIVE EX- 
TERNAL COMPONENTS, 6 CAPACITORS 
AND 10 RESISTORS 

m MUTE FUNCTION FOR PARALLEL OPERA- 
TION WITH DTMF GENERATOR OR DECA- 
DING IMPULSING 

un LOW VOLTAGE OPERATION, DOWN TO 3.3V 

ma VERY SHORT START-UP TIME 

a INTERNAL CURRENT-SOURCE GENER- 
ATOR FOR BUFFER AMPLIFIER OR A SIMI- 
LAR DEVICE 


DESCRIPTON 


PBL3726/9 is a standard version of the PBL3726 
family of the mask-programmable, monolithic inte- 
grated speech circuit for use in electronic telepho- 
nes. It is designed for use with electret micropho- ne 
with a buffer amplifier. Sending and receiving gain 
is regulated with line length. Different ranges of am- 
plifier regulation for various current feeds can be ob- 
tained. Typical current feeds as 48V 

2 X 200Q, 2 x 4000 and 36V 2x 25Q can be 
handled. 


TEST CIRCUIT 


(Plastic) 


ORDER CODE: PBL3726/9 


Application-dependent paremeters such as line bal- 
ance, sidetone level and frequency response are set 
by external components. Parameters are set ind- 
pendently which means easy adaptationfor various 
market needs. An extra 20dB amplifier can be used 
for various purposes such as extra receiving gain 
with volume control or active sidetone balance. 


ky SGS-THOMSON 
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PBL3726/9 


ABSOLUTE MAXIMUM RATINGS 
Maximum Ratings over Operating Free-air Temperature Range (unless otherwise stated) 


Symbol| Parameter, =| Test Conditions |{_Unit_| 
Yoo | Le Votage, tp x22 ———___} __az___ fv 
[Ipc (*) | Continuous Operating Line Current, | 10S |_ ma 

= Junction a tenpelae a ee 
[Tans | Operating Ambient Temperature ——=SSSS*~*~“~*~dCSC*“‘ YO TOC*dYC 
| Tstg | Storage Temperature | 85 tO HO | 


(*) Max. current increases linearly up to 130mA with max operating temperature lowered to + 55°C. 


RECOMMENDED OPERATING CONDITIONS 


CONNECTION DIAGRAM 


oc INPEDANCE f} 2 OUTPUT 
MATCHING 


GAIN SET 


+0C SUPPLY RECENT 


LINE AGC -LINE (GND) 


; : 
re fee 


| __ INPUT 


SIDETONE 
CIRCUIT GAIN SET 


SIDETONE 
CIRCUIT 


TEST SET-UP 


400N+400N MICROPHONE 


O 
EARPHONE 


(2) uF WHEN LINE IS USED S- 8761/3 
(22) Ry=O0 WHEN LINE IS USED 


2086 0 (7, SGS-THOMSON 
s/f MICROELECTRONICS 
268 


PBL3726/9 


THERMAL DATA 


| Rth jamb | Thermal Resistance Junction-ambient Max FBO 


ELECTRICAL CHARACTERISTICS (electrical characteristics over recommended operating conditions) 


Symivol|__Feremeter_|__Test Goneltfens_/_in._ 1 typ | Mex. 1 Unit 


Terminal Voltage Ipc = 15 mA 3.5 3.9 4.3 
Ipc = 100 mA 11 13 15 


Gr Transmitting Gain * 


20 . logi0 ( ve )1 kHz 
3 
R. =0 E=j=E+10% 
Ri = 400 Q 
Ri = 900 Q — 2.2 kHz 


Transmitting Range of 


1 kHz 
Regulation . R, =0Q E=E+10% 
to R, = 900 Q 


Receiving Gain * 
20 .1og10 ( 7 ) 1 kHz 
RL=02 | E=E+10% 
Ri = 400 Q 

Ri = 900 Q — 2.2 kQ 
1 kHz 


R_ =0Q F=E+10% 
to Rx, = 900 2 


[Ting | Reosing Frequeney Response] 200 Reve 34 Wie | 7 |) 7 | 
zn aan gt inane [ea 


Vt Transmitter Dynamic Output 200 Hz — 3.4 kHz 1.5 Vp 
< 2 % Distortion 
Ipc =20-—100 mA 
Vt Transmitter Max Output 200 Hz — 3.4 kHz 3 Vp 
loc = oi - 100 mA 
V3=0-1V 


[oar [Res ont ingeines [wre | fe sial Ja 


Receiver ‘Byrenic Output ** 200 Hz — 3.4 kHz 
< 2 % Distortion 
Ipc = 20-100 mA 


Measured with Line Rectifier 
200 Hz — 3.4 kHz 
Ipc =0- 100 mA 
V; =0-50V 


hoe Transmitter Output Noise ie aa REL 1 V a —75 ee 
Ri = 


* Adjustable to both higher and lower values with external components. 
** The dynamic output can be doubled. See application notes at R14. 


Receiving Range of Regulation 


Ve Receiver Max Output 


27/36 
{ -THOMSON 
/ | ree Lp iat 


PBL3726/9 


ELECTRICAL CHARACTERISTICS (continued) 


Symbol Parameter Test Conditions 


Transmitter Output Noise Pso¢-weighted, REL 1 V | oe ees 
Ri. =0 


A-weighted, REL 1 V, with 
Cable 0-5 km @ 0.5mm; 
0-3 km @ 0.4 mm 


| Im _| Mute Input Current eee: (es ee eee ee 
lbc Extra Available Current when Ipc = 15 — 100 mA 10 mA 
Muted at the Same DC-voltage 
Supply Current for the Ri. =0—- 800 310 LA 
Microphone 


* Adjustable to both higher and lower values with external components. 
** The dynamic output can be doubled. See application notes at R14. 


Receiver Output Noise | 


Figure 1 : Typical Application. 


KEYBOARD 


(%&) ELECTRETE MICROPHONE 


Some typical values for Ri and R2 for some differ- 
ent supplies from telephone stations are shown in 
the next table. 


No Regulation, all Feeding 

Systems 

48 V,2x 4002 14.5 KQ 47 KQ 
48 V, 2x 200 Q 18 KQ 47 KQ 
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PBLSERIES 


PBL3726/11 


MASK - PROGRAMMABLE SPEECH CIRCUITS 


SPEECH CIRCUIT 


=» MINIMUM NUMBER OF INEXPENSIVE EX- 
TERNAL COMPONENTS, 5 CAPACITORS 
AND 10 RESISTORS 

= MUTE FUNCTION FOR PARALLEL OPERA- 
TION WITH DTMF GENERATOR OR DECA- 
DING IMPULSING 

a LOW VOLTAGE OPERATION, DOWN TO 3.3V 

m VERY SHORT START-UP TIME 

a» SIDETONE DISTORTION CANCELLATION 


DESCRIPTON 


PBL3726/11 is a standard version of the PBL3726 
family of the mask-programmable, monolithic inte- 
grated speech circuits for use in electronic tele- 
phones. It is designed for use with a low impedance 
microphone. Sending and receiving gain is regula- 
ted with line length. Different ranges of amplifier re- 
gulation for various current feeds can be obtained 
with external resistor or totally cur off. Typical cur- 
rent feeds such as 48V 2x 200Q, 2x 400Q and 
36V 2 x 250 can be handled. 


TEST CIRCUIT 


(Plastic) 


ORDER CODE: PBL3726/11 


Application-dependent parameters such as line ba- 
lance, sidetone level and frequency response are 
set by external components. Parameters are set in- 
dependently which means easy adaptation for va- 
rious market needs. An extra amplifier can be used 
for various purposes such as active sidetone ba- 
lance. 


S-8627/3 
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PBL3726/11 


ABSOLUTE MAXIMUM RATINGS 
Maximum Ratings over Operating Free-air Temperature Range (unless otherwise stated) 


Test Conditions 
Line Voltage, tp =2 s 


Ipc (*) | Continuous Operating Line Current 100 
Junction Temperature 
Operating Ambient Temperature ‘ —40to +70 

Storage Temperature — 55 to + 150 
mA 


(*) Max. current increases linearly up to 130mA with max operating temperature lowered to + 55°C. 


RECOMMENDED OPERATING CONDITIONS 


symbol] Parameter | Min. | Typ. | Max. | 
po | tinecurent ts 10 mv 


CONNECTION DIAGRAM 


+LINE 


OC INPEDANCE - 
MATCHING OUTPUT 


GAIN SET 
+0C SUPPLY SENT 
LINE AGC -LINE (GNO) 


MUTE 
MICROPHONE 
INPUT 


SIDETONE 
CIRCUIT CAINSET 


SIOETONE 
CIRCUIT 


TEST SET-UP 


400N+400N MICROPHONE 


e 
EARPHONE 


(#)lwF WHEN LINE IS USED S- 8761/3 
(2%) RpzO WHEN LINE IS USED 
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THERMAL DATA 


Thermal Resistance Junction-ambient Max a: eee 


ELECTRICAL CHARACTERISTICS (electrical characteristics over recommended operating conditions) 


Symbol] _Ferameter_| __Teat Conditione _{_Win._{ Typ. [Mex |_Unit_ 


Terminal Voltage lnc = 15 mA 3.3 3.7 4.4 V 
Ipc = 100 mA 11 13 15 V 


Transmitting Gain * 


Vo 
20 . log10 ( V. ) 1 kHz 


3 
Ri =0 E=E+10% 41 43 45 dB 
R_ = 400 2 43.5 45.5 47.5 dB 
Ri = 900 Q — 2.2 kHz 46 48 50 dB 


1 kHz 
Rp =0Q E=E+10% 
to Ry, = 900 2 


Transmitting Range of 
Regulation 


Receiving Gain * 
20 . logi0 ( 7 ) 1 kHz 
RL =0Q E=E+10% 
Rit = 400 Q 

R_ =900 2 — 2.2 kQ 


1 kHz 
Rr. =0Q E=E+10% 
to Rp = 900 Q 


[ing | Receiving Frequency Response| 200 Hato sanz «dt 1 |i 
zn [Tani puinpesnee [ie ea 


VT Transmitter Dynamic Output 200 Hz — 3.4 kHz 
< 2 % Distortion 
lpoc = 20 — 100 mA 


200 Hz — 3.4 kHz 
Ipc =0- 100 mA 
V3 =0-1V 


| Zour _| Receiver Output impedance |ikHz | 8 #810} | 


Receiver Dynamic Output ** 200 Hz — 3.4 kHz eae 


Receiving Range of Regulation 


Vr Transmitter Max Output 


< 2 % Distortion 
Ipc = 20 — 100 mA 
V; =0-50V 
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SF imcRozLecrRomes 
273 


PBL3726/11 


ELECTRICAL CHARACTERISTICS (continued) 


Symbol] Parameter |_—Test Conditions |_ Min. | Typ. | Max. | 
V 


R Receiver Max Output - Measured with Line Rectifier 
200 Hz — 3.4 kHz 
Ipbc =O —100 mA 
V, =0-50V 


Transmitter Output Noise Psor-weighted, REL 1 V dl —75 mo 
R. =0 


A-weighted, REL 1 V, with 
Cable 0-5 km © 0.5mm; 


Receiver Output Noise 


IM Mute Input Current 


lnc Extra Available Current when lnc = 15-100 mA 10 mA 
Muted at the Same DC-voltage 


* Adjustable to both higher and lower values with external components. 
** The Dynamic output can be doubled. See application notes at R14. 


0-3 km @ 0.4 mm 


Figure 1 : Typical Application. 


>) 
ree i 


$-862672 


Some typical values for R1 and R2 for some diffe- 
rent supplies from telephone stations are shown in 
the next table. 


| Ri | Re 
Eee a 
Systems 
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PBL3726/12 


MASK - PROGRAMMABLE SPEECH CIRCUITS 


SPEECH CIRCUIT 


=» MINIMUM NUMBER OF INEXPENSIVE EX- 
TERNAL COMPONENTS, 5 CAPACITORS 
AND 10 RESISTORS 

» MUTE FUNCTION FOR PARALLEL OPERA- 
TION. WITH DTMF GENERATOR OR DECA- 
DING IMPULSING 

mu LOW VOLTAGE OPERATION, DOWN TO 3.3 V 

m VERY SHORT START-UP TIME 

=» SEPARATE POWER SUPPLY POSSIBLE FOR 
OUTPUT AMPLIFIER 


DESCRIPTON 


PBL3726/12 is a standard version of the PBL3726 
family of the mask-programmable, monolithic inte- 
grated speech circuits for use in electronic tele- 
phones. It is designed for use with a low impedance 
microphone. Sending and receiving gain is regula- 
ted with line length. Different ranges of amplifier re- 
gulation for various current feeds can be obtained. 
Typical current feeds as 48 V 2 x 2502 2x 4000 
and 36 V 2x 250 Q can be handled. 


TEST CIRCUIT 


ky SGS-THOMSON 


DIP-18 
(Plastic) 


ORDER CODE: PBL3726/12 


Application-dependent parameters such as line ba- 
lance, sidetone level and frequency response are 
set by external components. Parameters are set in- 
dependently which means easy adaptation for va- 
rious market needs. An extra 20 dB amplifier can be 
used for various purposes such as extra receiving 


gain with volume control or active sidetone balance. 


OUTPUT 


— LINE 
O 


5-8598/3 
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ABSOLUTE MAXIMUM RATINGS 
(Maximum Ratings over Operating Free-air Temperature Range unless otherwise stated) 


symbol] Parameter | Test Conditions | Unit __ 


(*) Max. current increases linearly up to 130 mA with max operating temperature lowered to + 55 °C. 


RECOMMENDED OPERATING CONDITIONS 


Po [uhecwem i | 00 | oma 


CONNECTION DIAGRAM 


+LINE 


DC_INPEOANCE [} 2 T 
MATCHING | IEE 


GAIN SET 
+0C SUPPLY nece ne 
LINE AGC -LINE (GND) 


Be MICROPHONE 


INPUT 


SIDETONE 
CIRCUIT ge eer 


SIDETONE 
CIRCUIT 


S-8586/1 


TEST SET-UP 


MICROPHONE 
BOON 5005 Ry = Oto 4Kn O 


(#*) 


TEST 
CIRCUIT 


O 
EARPHONE 


(#)luF WHEN LINE 1S USEO S- 8761/3 
(5) R =O WHEN LINE IS USED 
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THERMAL DATA 


Thermal Resistance Junction-ambient Max a ee ee 


ELECTRICAL CHARACTERISTICS (electrical characteristics over recommended operating conditions) 


Synbo Test Conditions | Min. | T 


Terminal Voltage lnc = 15 mA 
Ipc = 100 mA ' 


Gr Transmitting Gain * 


V 
20. ou ( ye ) 1 KHz 
Ri = E=E+10% 
: See 2.2 KHz 
Transmitting Range of 1 KHz 
Regulation Rp = 0Q E=E+10% 
to Ri = 900 Q 


Receiving Gain * 

oes 20 . logi0 ( “a ) 4 KHz 
Rp =02 ‘-E=E+10% 
Ri = 900 2 -—2.2 KO 


1 KHz 
RL =02 E=E+10% 
to Ry = 900 2 


[ing | Receiving Frequency Response | 200 Hztoaa kez +t -1 | | 1 | a8 
A 


Transmitter Dynamic Output 200 Hz — 3.4 KHz 
< 2 % Distortion 
lbc = 20-100 mA 
200 Hz — 3.4 KHz 
Ipc = 0-100 mA 
V3=0-1V 


Receiving Range of Regulation 


Transmitter Max Output 


200 Hz — 3.4 KHz 
< 2 % Distortion 
Ipc = 20-100 mA 


Measured with Line Rectifier 
200 Hz — 3.4 KHz 
Ipc = 0-100 mA’ 
V,=0-50V 


ae Transmitter Output Noise ial REL 1 V Ll -—75 _ i 
Ri = 


Receiver Output Noise eer REL 1 V, with Cable 
0-5 Km @ 0.5 mm ; 
0-3 Km @ 0.4 mm 


| lw | Mute input Current eee SS ee eee 


loc Extra Available Current when loc = 15-100 mA 
Muted at the Same DC-voltage 


* Adjustable to both higher and lower values with external components. 


Receiver Dynamic Output ** 


Receiver Max Output 


Kj SGS-THOMSON = 
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Figure 1 : Typical Application. 
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i 
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Some typical values for R1 and R2 for some ditfe- 


rent supplies from telephone stations are shown in 
the next table. ) 


| Type | 


No Regulation, all Feeding 
Systems 
48 V, 2 x 400 2 14.5 kQ 47 kQ 


36/36 > ee 
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SPEECH AND TONE CIRCUIT 


a AUTOMATIC LINE LENGTH RECEIVING AND 
SENDING GAIN CONTROL 

a» AUTOMATIC LINE LENGTH TRACKING ANTI- 
SIDETONE SYSTEM 

» ADJUSTABLE MICROPHONE AND EAR- 
PHONE AMPLIFIER GAIN 

» MEETS FRENCH VOLTAGE/CURRENT LIMI- 
TATIONS IN SPEECH AND RING MODE 

» ADAPTED TO EVERY KIND OF EARPHONE 
TRANSDUCER 

» MUTE IN EMISSION AND RECEPTION 

ns PABX POSITION 

» TWO KEYS ROLL OVER PROVIDED 

» ADJUSTABLE OUTPUT TONE LEVEL 

a CLICK FREE SWITCH OVER FROM SPEECH 
TO DIALING MODE & VICE-VERSA 


, DESCRIPTION 
, Specially designed for telephone set applications 


this 28 pins IC provides : 

a) Transmission and line adaptation 
b) F.V. generation 

c) Power supply for peripherals 


' d) Interface with MCU 


It meets the French Specifications for handset ho- 
mologation level 1. 


February 1989 


ORDER CODE : TEA7037DP 


PIN CONNECTION 


GND 

V CAPA 

RESET 

IL 

HV CONTROL 

RECEIVER 

POWER pP 

_ANTISIDE— 
TONE 


[3 ANTINOISE 
J OSCILLATOR 


KEYPAD 
INPUTS 


PRIVATE/ ‘i 
PUBLIC — 


FILTER 2 
FILTER 1 


MICROPHONE 4 MICROPHONE 
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BLOCK DIAGRAM 


18 19 20 21 22 23 24 25 


= 


HF 
DIVIDER 


ANTISIDETONE 
CIRCUIT 


ABSOLUTE MAXIMUM RATINGS 


Symbol Parameter Value 


anit 
Supply Voge [sd 


Ny 
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ae | Filter 2 Second Filter Input for Voice Frequencies 


11 

12 

13 
| [17 [testo Sets internal Souroe Reference Current ———SSSCSC~S~S~SCS 
|. 


TEA7037 


PIN DESCRIPTION 


Ground 
Ik 


Description 


| Reset | Microprocessor Reset 


R17/C6 Sets Call Frame Width 


Ro Ne 
a ae 
aa ae Veapa C7 : Voltage Stabilizer Filtering Capacity 
eae ol 
a 
ae 


{ 
4 
Output Controlling HV Stage 
| 6 | Receiver | Receiver Output 
Stabilized Power for Peripheral Circuits 
Antisedone Network Input for Long Lines (3.5km) 
Antisedone Network Input for Short Lines (0.5km) 


Private/Public | Gain Control Inhibition with Respect to line Length 


—2— Antisidetone 


| 41 | Impedance | R7 Sets Dynamic Impedance 


Filter 1 First Filter Input for Voice Frequencies 
14-15 | Microphone 
Reference Voltage 


"D" 941 Hz Logic Input 


20 
sopaamere 
| 
"H" 1633 Hz Logic Input . 

| 28 | Vaux [ VecitowVollageLine 
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ELECTRICAL CHARACTERISTICS (Tamp = 25°C) 


Vc Stabilized Voltage (pin 2) IL =28mA — 2.6 2.95 
(see figs. 9, 10) 


| loew | Charging Current(pin2) | 


V 

P| mA 

lr Line Current Regulation for Pin 4 = Pin 2 = GND 
HV Control (pin 5) IL = 150mA 150 pA 
IL = 105mA 

: 
pA 
nA 

pA/mA 

pA 


Pin 4 ON ;Pin 2 =GND 
IL = 75mA 2 150 


Pin 4-ON ; Pin 2 ON 

IL '=60mA 150 : 
IL =16mA_. 100 
28mA <I, < 50mA 0.9 1.0 1.1 


IL = 28mA ; (see figs. 9, 10) 
R9 = 16.2KQ 
(V2g =R6* lint + Ve 


Pin 4 = Pin 2 = GND 
Ih = Ik _ Laem (note 2) 
IL =6 mA 
IL > 25 mA ; 
I > 25 mA + AC 


Internal Consumption 


RESET MICROPROCESSOR (see fig. 12) 


Vr_H High Threshold ; V 
a X Vem 
Vrs Low Threshold 2.83 0.805 V 
X Vem 
AC CHARACTERISTICS (see figs. 12, 13, 14 and 15) 
Vi. =1.5 dBm 3 % 
[Tx Psophometric Noise | Zw=2Kik =28mA | (| 69 

4/20 : 
I SGS- N 

IS S-THOMSO 


VRSH Output High Reset = 1 0.9 V 
X Vem 
Get Tx Gain at Long Line IL =28 mA 
Gec Tx Gain at Short Line IL =44 mA 
DE 
Vi =4 dBm 10 % 
Tx Attenuation M.F. and IL >28 mA 
Silence Modes 
MICROELECTRONICS 


Vrss Output Low Reset = 0 0.1 V 
X Vem 
Distortion in lx 1, =28 to 44 mA 
Microphone Input Impedance | Symmetric Mode . 1.82 2.15 
Common Mode Rejection 
Ratio 


TEA7037 


ELECTRICAL CHARACTERISTICS (Continued) 


[Symbol | Parameters | Test Conditions | Min. | Typ. | Max 


Ga Rx Gain at Long Line lL =28mA 28.5 "| 29.5 | 30.5 dB 

Gre Rx Gain at Short Line’ IL =44mA "| 27.5 23.5 25.5 dB 
Distortion in Rx I, =28 to 44mA 

Vec = 440mV - 3 % 

Vec = 790mV 10 % 


a ZT 
(“Gu [Side Toneattong tne [ueoema | me) 
[aac | Side Tone at Shontine [ueasma ——Ss«dt as Pi 
[Zac [AC impedance _——~(tu>eama—~—~S~S~=C 0 |g | 700 | | 


DTMF GENERATOR (see fig. 16) 


= 


Dialling 


Silence 


FUNCTIONAL DESCRIPTION 


. Logic inputs equivalent diagrams 


INPUTS E,F,G,H 
INPUTS A,B,C,D 


OPEN = HIGH ; | OPEN = LOW 


G7 SGS-THOMSON 
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LOGIC TABLE - KEYBORD MODE 


ome ara Tea ran 
[A/B/C |D/E|FI/G]H| Frequencies (Hz) - 


p= HLH I IE 

p= EAA T Ape 
p= HILT HIE [| 
P= HH [ee [| 
OOO 
p= HTH RII 
p= KATH L AI 


OO 
aeecim 


1447 


pn 

Pp On 

fae On ed 

ae ee 

a ae 
On 

a aes 
pn 

| 97+ 1208 | On 
| 9741336 | On 
eor+ 477 | On 

| eo7+ie33 | On 
_ 770x129 | On 
| 77049396 | On 
| 77041477 | On 
H| 770+ 1683 | Om 
| 85244209 | On 
ee 
fa need 
ee 
a ee ee 
H] ote tess 


852 +1477 . 


zt tT det ET tt tet tet] fete fe feel 


Notes : a. Conversation mode. 
b. Test mode. 
Low frequencies. 
c. Test mode. 
High frequencies. 
d. If one of inputs E, F, G, H, is high, the others are low. 
If one of inputs A, B, C, D, is low, the other are ligh. 


4 
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’ LOGIC TABLE - MICROPROCESSOR MODE 


Voice 


| inputs 
Symbel [A|B|c|D/E F H{G| Frequencies 
ee Cd a: eee: ee ee) 
aes ESS Es ee 2 a (= a) 
a 
| v2" [H{H{Hi/L{| HH] ee7+1396 | On 
| 3" |HIH{L]H] HH] 69744477, | nS 
p vAT [HH] t{L] oH [HK] eo7+te33 | nT 
pas [Ht |H[H] oH TH] 77o+1209 | On 
pos" [HIE HIE] OH IH] 77041336 [| nS 
poe" (Aiule|H] WH] 77ossa7z7 [| on 
PB" [Hie {Lie| HLH] 77ovte33 | On 
| "7" [etntalH] oH [HW] ss2+iz09 | nS 
poe" [tie}Hit| oH [HW]  as2+1336 | On 
pore [efH{t{e} HH]  e24i477_ | nF 
povoen [ek Hie{e] HW [HK]  ss2+tes3 | On 
pont" [efetHiH] oH [H{  e4t+t209 | On 
Povo" [ti{eiH{e| HW [H| o4t+1336 = | nS 
a 2s 
pop" [e{ej{eie{ H [HH]  s4t+ie33 | nS 


Notes : e. Conversion mode. 
f. Silence setting. = 


(Hz) 


VOICE 
SPEECH FREQUENCIES SILENCE 
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-TH 0 ee a ee ee ee ori 

kyz SGS-THOMSON 
285 


TEA7037 


PUBLIC / PRIVATE 


When a resistor is inserted between pin 10 and 
ground, the transmission and receiving efficiency 
control and antisidetone variation are inhibited with 
respect to line current. 


The transmission and receiving gains may vary from 


Gmax(gel) to Gmax 6 dB (Gec) with respect to the re- 
sistance value. 


The equivalent antisidetone is related to the gain set 
by Rlp 


Figure 1 : Transmission and Receiving Gain Attenuation. 


A (dB) 
REFERENCE = OdB FOR IL= 30 mA (GEL) 


TYPICAL CURVE 


10 20 30 40 50 60 Ip (UA) 


CONSUMPTION ON PIN 10 


Figure 2: Equivalent Antilocal Network. 


LINE (km) 


CONSUMPTION ON PIN 10 


\ 


Figure 3. 


TEA 7037 
10 


7.8 

lp In MW = —— 

Rip In MW pul 
For Rip = 390K to 1% 

DG =—2dB+0.4dB 


se ___________— fr SGs-THOMSON 
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Figure 4. 


ON DIODE 
BRIDGE | 
TERMINALS 


> 
N 
> 


w 

a 

g 8 
2 ; 

= 

- 

2 

ro} 


40 


30 


SLOPE SET BY R2 


10 


Figure 5. 


Ismp (mA) 


< 
£E 
= 


Figure 6. 


TRANSMISSION AND 


GAIN (dB) 


f (IL) 


RECEIVING GAIN 


J 
us 
oO 
a) 
fo 
~) 


GRC - GEC 


tL (mA) 
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Figure 7 : To it set by : R17 - C6 (pin 4) or C7 (pin 2). 


POWERING 


t MAX = 150 mA 


The TEA can stand the capacitive loads an all its It is obvious that these capacites can change the cir- 
pins, except pin 26 (oscillator). cuits alterning and/or transient behavior. 


_. Name 


A 


4 IL =1200r | - 2.2uF 
60ms 
Hy Control | Few nF Max. | In parallel with the capacitor across pin 28 and pin 1, hence changes 
impedance & circuit time constants. 


100nF Max. | In Parallel on the Receiver 
[7 | Pownp [| avur | OCOSCSCSSC“‘“CS™SC*CS 


Anti Local Receiver Signal Filter 


Impedance 33 pF Max. | Provides a high pass, hence increases DTMF harmonics & noise 
above cut-out frequency. é 


age. | Filter 1 Should not be changed (preephasis). 


15 


NO 
680pF Max. | 


7 
10 
11 
Filter 2 Few pF Max. | Changes Refilter Impedance & Time CS 
13 i 
14 
16 


Keyboard 


10nF Max. | Bear Time Constants in Mind 


25 
a a 
[a7 | antinose | eenF | SOSOCSCS—SCSC“‘~Ss*‘“‘S*st‘“Ss~CS*~S 
[ee | vax | Fewnr | ChGommenPnd SOSOSC~—SCSCSCSCS 
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Figure 8 : DTMF Harmonic Distortion vs. Frequency. 
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Gs SE CE GED ES GS Cee ees Se OEE EE Ge CED Ge Ge ee ee ee ee ee ee ee - 


zw 
oa 
a 

a 
oS 
act 


3 a 
l 


11/20 


MICROELECTRONICS 


ky SGS-THOMSON 


289 


TEA7037 


COMPONENTS VALUES (for figures 9 to 16) 


Ri 10Q C1 2.2nF 

R2 12MQ C2 4.7nF 

R3 100kQ C3 1nF 

R4 4.7MQ C4 100UF 

R5 220kQ C5 . 

R6 5.9kQ C6 

R7 - C7 

R8 C8 - 

R9 16.2kQ C9 / 1pF 

R10 Ci0 / 1uF (depending on uP) 

Ri1 C11 68nF 

R12 C12 1uF 

R13 C13 = 6.8nF 

R14 220kQ, C14 — 3.3nF 

R15 8450 C15 — 2.2nF 

Ri6 2200 C16 — 2.2nF 

R17 820kQ C17 = 10uF 

R18 75Q C18 = 2.2uF 

RIP 390kQ C19 = 470nF 

RuP 5.6kQ ; 

Zec — 220Q Di > ZENER 15V 
D2 BAT43 

T1 MJE340 D3 BAT43 

T2 PBF259 

T3 PBF493S QUARTZ 3.58MHz 

¢ ZL =600W 

-R7 =0 -C5 = 27pF 

-R8 = 124kQ -C6 = inF 

-Ri0 =0 -C7 = 27pF 

-R11 = 124kOQ -C8 = inF 

- R12 = 3.9kQ 

-R13 = 3.9kQ 

* 0.4mm France cable varying between Okm and 3.5km. 

-R7 56kQ -C5 = 560pF 

-R8° = 124kQ -C6 = 4.7nF 

-R1i0 10kQ -C7 = 100pF 

-R11 115kQ -C8 = 2.2nF 

-R12 4.99kQ 

-R13 -3.6kQ 


e Ri2 and R13 enable reception gain adjustment for adaptation to various transducers/ 


e R16 enable transmission gain equipment for adaptation to various transducers. 
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Figure 9: Ve. lint. Vref. 


Vpin 28 — Vc 
R6 
Re R1 Width § R6 = 5.9kQ 


a § RO = 16.2kQ 
(iy 
iu ) 72 K 11 
i 


lint = 


QUARTZ 
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Figure 10: Idem Ir. 


S2, $4 closes 

Idem, ll<150mA 
S2 close, S4 open 
. IL< 75mA 
S2 open, S4 close 

IL <60mA 
S2, S4 opens 

_Gabarit DC VL = f (IL) 


|} R10 i 


QUARTZ 


C7 } R11 
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Figure 11. 


Icmp, Vmp, Ismp, limp, 
Vrh, Virb, Vrsh, Vrsb. 
$2, 54, S7 closes 
Icmp 

S2, $4, S7 opens 

; Vmp, Ismp 
Limp by the time discharge of C9 
when the line power is cut off. 


cs | |R8 c7 [Ra 


ie > | 


Reset microprocessor 


SGS-THOMSON 
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Figure 12. 


Gel. Gec. Re. De. Bep. S1 open ve 
(Gel, Gec) = 20 log VM 
VL (S1 open) 


perce ee VL (S1 close) 


[a7 [| R10 | 


cs | ]R8 C7 [Jaa 
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Figure 13. 


Grl, Grc, Dr, Brp, 
,GRL = 20 log 


cs | |RB C7 Jaa 
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Figure 14. 


Gal, Gac Vpin28 


Vpin6é 


(Gal, Gac) = 20 log 


QUARTZ 


cs | |R8 C7 [Ra 


Usiece Kj SGS:THoMsoN 
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Figure 15. 


VL1 for RL1 = 300Q 


Zac = RL1 x RL2 VL2 —VL1 VL2 for RL2 = 6002 
alas VL1 x RL2—VL2x RL Jace 00x vee VU 


Zac 


QUARTZ 


cs []R8 ==c7 [ri 


ITI -THOMSON 
S| | atre McInoncs 


2VL1 — VL2 


TEA7037 
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Figure 16. 


Nfb, Nfh, Pfv, Cfv, 697Hz + 1 209Hz 
Level and preemphasis are measured 
on pin 28 


Cfv = 20 log veulee 


Vpin6 


QUARTZ 


C5 | | R8 C7 /}R1 
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HIGH RANGE SPEECH CIRCUIT WITH SQUELCH FUNCTION 


a 2/4 WIRES INTERFACE WITH 
. DOUBLE ANTISIDETONE NETWORK 
~ MICROPHONE NOISE THRESHOLD 
(squelch) 
-~ RX GAIN AND AC IMPEDANCE EXTER- 
NALLY PROGRAMMABLE 
mn DTMF INTERFACE 
m» PULSE DIAL INTERFACE 
a 3.25 VOLTS SUPPLY FOR MICROPROCES- 
SOR OR DIALER 
=» RESET TO MICROPROCESSOR 
» CURRENT SUPPLY FOR LOUDSPEAKER 
=» HANDS-FREE INTERFACE 
s DC CHARACTERISTIC AND ON/OFF HOOK 
FOR FRANCE 
» CONTROL AGAINST HIGH VOLTAGE TRAN- 
SIENTS 


DESCRIPTION 


The TEA7050 is expressely designed to meet the 
french specification for telephone set in high range 
equipments. 


PIN CONNECTION (top view) 


ANTISIDETONE LONG LINE 
ANTISIDETONE SHORT LINE 
AC IMPEDANCE 

EXTRA RECEIVE OUTPUT 
AMPLIFIED TRANSMISSION 
Uref 

OTMF INPUT 

MICROPHONE INPUT 

Iref 

PRIVATE/PUBLIC 
MICROPHONE MUTE 

POVER CURRENT SOURCE 
THRESHOLD 1 

THRESHOLD 2 


December 1988 


ante 


i ant SEEN 
/ Gaes ut 


ORDER CODES : TEA7050DP (DIP28) 
TEA7050D (SO-28) 


RECEIVE QUTPUT 
MICROPROCESSOR SUPPLY 
ANTINGISE FILTER 

uC 

VLINE 

SURCHARGE FILTER 
PULSE OIAL INPUT 

HU STAGE CONTROL 


MICROPROCESSOR RESET 
HOGK DETECTION 
RECEIVE MUTE 
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THRESHOLD 4 
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BLOCK DIAGRAM 


PROCESSOR 
RESET 
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O UL«F(IL) PROCESSOR 


LINE POWER SUPPLY 
CURRENT 
CONTROL 
MICROPHONE 


THRESHOLD 
DETECTION 
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BUFFER PREAMPLIFIER 
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TX RECEIVE ANT AMPLIFIER 
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ELECTRICAL CHARACTERISTICS 


‘symbol| Parameter |_—Test Conditions |_-Min. | Typ. | Max. | Unit. | 
| Ve__| Stabilized Voltage (pin 25) | =27mA_ | | 26 | 28 | 205 | Vv 
eee re ae ae 


Line Current Regulation for HV Pin 19 = Pin 25 = GND 
Control (pin 21) Il = 150mA 150 pA 
ll = 100mA 
Pin 19 ON ; Pin 25 = GND 
ll = 75mA 150 pA 


Pins 19 and 25 ON 
ll = 60mMA 
ll =16mA 
Ir/Il 27mA < ll < 50mA 


Internal Bias Current (pin 25) Il =27mA ; 410 . pA 
R9 = 26.7 Kohms ; 
(V24 = R6*lint + Vc) 


Reference Voltage 
| lret_ | Curentatvret | to | t00 | 
| Vmp_| Stabilized Supply atPin27 | tt | 83 8s | 


Charging Current at Pin 27 Pin 19 = Pin 25 = GND 0.7 x mA 
IL1 = Il — Idem x IL 

Static Current at Pin 27 Il =6mA 
ll > 25mA 


| limp | Internal Consumption 


Supply Current for Parallel 
Circuits (pin 12) 


R9 = 26.7Kohm 
ll = 10mMA 

ll =27mA 
I] = 42mA 


Microprocessor Reset 


High Treshold 
Low Treshold 
Output High Reset = 1 
Output Low Reset = 0 
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ELECTRICAL CHARACTERISTICS 


a 
are 

Il =27mA 48.5 49.5 50.5 

Il = 42mA 41.5 43.5 45.5 


ll = 27mA 
Pin 11 > 1.6V 


Il =27 to 42mA 
VI = OdBm 
VI = 3dBm 


Il > 27mA 


-71 dBmp 
2K at Pins 6-8 . 
ll =27mA 
Pin 11 > 1.6V 


ll =27mA 
ll = 42mA 


ll = 27 to 42mA 
Vec = 500mV 
Vec = 700mV 


Re Rx Attenuation in Mute Mode Il=27mA 
Pin 18 > 2.7V 


| Gal_| Antisidetone | 27 to42zma | 22 | |B 
| Zac_| AC Impedance | > 27mA | 500 | 650 | 800 | ohm 


Grs Confidence Level Pin 11 > 1.6V ; 28 31 34 
Vrec/Vmt Pin 14 >2.7V 


ee [zy SGS:THOMSON 
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TEST CIRCUIT 


18 


—- BF493 
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ar333a(Sh) 
189K 
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21 
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te eee 
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12 


DTMF INPUT 
MICROPHONE MUTE || 33K EXTRA CURRENT 
SUPPLY 
RECEIVE MUTE 
MICROPROCESSOR RESET 
PULSE DIAL INPUT MEETEAZ ASE -83 


ot & 23.3 


Ri = 920KQ R12 = 80 Ci = 188yF C6 = 27pF 
R2 = 820KQ R13 = 2.7KQ C2 = 4.7pF C7 = 27pF 
R3 = 1.5MQ R14 = 8Q C3 = 10uF C8 = 2.2nF 
R4 = 750 R15 = 140KQ C4 = ipF C9 = 2.2nF 
R5 = 5.1KQ R16 = 2.7KQ C5 = 100uF C10 = 2.2uF 
R8 = 13KQ R17 = 1.2 KQ Ci1 = 220nF 
R9 = 26.7KQ R18 = 680KQ for private complex 

R11 = 140KQ 
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CIRCUIT DESCRIPTION 


1. DC-CHARACTERISTICS 


1.1. VC (PIN 25). The stabilized voltage Vc is 
connected to Vline (pin 24) through an internal shunt 
regulator which presents to the line a high AC. impe- 


Figure 1. 


dance at frequencies higher than 200Hz. At this pur- 
pose the value of C1 (at pin 25) must be not lower 
than 47 microFarad. 


N8BETEA/ZESE-B4 


At "Off-hook", with only DC voltage applied to the 
line terminals, C1 fixes the timing of the line current 
profile at: 
- 150mA max for a time shorter than 400msec 
(T-charge) 
- 60mA max in steady state (conversation) 


Figure 2. 


156mA (max) 


66mA (max) 


N8BTEAZE5SE-&5 


T-charge of 240msec (typ) is obtained with 
C1 = 220uF. 


Vox Cl 


T-charge = ——___—_ 
g Idem 


typically. 


ABEBmS (max) 
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1.2. HOOK DETECTION (in ring mode) (pin 19). 
The DC-characteristic requested to allow off-hook 
detection by the exchange during ring call may be 
accomplished : 


a) through an analog control (R-C) or 
b) by a microprocessor. 


.a) Application with standard dialer (analog control) 
The components R1, R2 and C2 define the timing 


Figure 3. 


HOOK 
DETECT. 


TEA7050 


of the DC characteristic and also limit at 75mA-peak 
the line current during decadic dialing. 

Optimum values are : - R1 x C2 = 1.8sec ; 
R2 x C2 = 0.8sec. 


To reduce the minimum time between a "on-hook / 
off-hook" sequence, R2 may be replaced by aswitch 
to ground. 


RING CALL 


tR4A/R2/C2 


b) Application with a microprocessor 


M8ETEAZA@S@A-86 


Pin 19 may be controlled directly by the micro-controller, through a resistor Rib which replaces R1, R2 and C2. 


‘Figure 4, 


HOOK 
DETECT. 


RING CALL 


MICROPROCESSOR SIGNAL 


MEBTEALESE -87 
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1.3. VLINE (PIN 24). The line voltage (pin 24) is de- 
termined by the value of the external resistor R6 and 
by the internal current, lint, flowing between Vc (pin 
25) and Ground (see also paragr. 1.1.) : 

Vline = Vc + R6 x lint. 


Figure 5. 


Vc is fixed by design at about 2.8 volts. 


lint is reversely related to RQ (lint = 12V / R9 at lIline 
= 27mA). en 


MNEETEAZESB-88 


Vline must be externally adjusted (with R6) to gua- 
rantee both DC and AC characteristic in accordance 
to the french standards. At this purpose it is sugges- 
ted that Vline equals 5.6 volts at lline = 16mA. This 
typical value is obtained with R6 = 7.5Kohm. 


1.4. HIGH VOLTAGE CONTROL STAGE (PIN 21). 
The behaviour of "HV control" is determined by se- 


veral conditions, both internal (Iline sensor) and ex- . 


ternal (pins 19 and 25) with the purpose to accom- 
plish the different DC characteristics and transitory 
conditions imposed by the French specification : 


a) steady DC-characteristic and lightnings (pins 19 
and 25 ON) 

b) DC-characteristic at off-hook (pin 19 and 25 
grounded) 

c) DC-characteristic during decadic dialing (pin 25 
grounded) 

d) DC-characteristic after off-hook in ringing (pin 19 
grounded) 


To do that, HV control pin regulates the current in- 
jected into the external high voltage transistor stage, 
requested by the French specification. 
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Figure 6. 


in 19 and 25 ON 
Hu a) p 


CONTROL 
CURRENT 


150uUA 


30 66 IL(mA) 
b) pin 19 and 25 grounded 


HU 
CONTROL 
‘CURRENT 


126 IL(mA) 


c) pin 19 ON ; PIN 25 grounded 


HU 
CONTROL 
CURRENT 


36 66 IL(mA) 
d) pin 19 grounded ; pin 25 ON 
HV 


CONTROL 
CURRENT 


AY7 Sicpontscrecmes 
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2. TRANSMISSION CHAIN 
Figure 7. 


PREAMPLI 


we a 


DTMF AMPLI 


2.1. A.G.C. IN TRANSMISSION. The transmission 
gain between Microphone Input (pin 8) and Vline 
(pin 24) is internally decreased of 6dB when the line 
current varies from 27mA to 42mA with a constant 
AC load of 600ohms. 


2.2. SENDING IMPEDANCE. The impedance of the 
Output Stage Amplifier, Zout, is determined by the 
impedance 24 at pin 3. 

Zout = 10.65 x 24. 


The total AC impedance shown to the line is the pa- 
rallel 
Zpar = Zout//Zint//Zext 


where : 
- Zint = 10kohm // 8.5nF (internal) 
. Zext = R6 // C4 (at pin 24) 


2.3. SENDING MUTE. In normal speech operation 
(Vmute 0.8V), the signal at Microphone Input (pin 
8) is amplified to Vline (pin 24) with the gains Gec 
(short line), Gel (long line) or intermediate, depen- 
ding on lline. 


In sending mute condition (Vmute 1.6V) these 
gains are reduced of at least 60 dB. In the same 
- condition DTMF input (pin 7) is activated, with gain 
~ Gmf to the line independent from Iline. 


2.4. ANTISIDETONE BUFFER. The signal coming 
from the sending preamplifier is internally presented 


TR AMPLI 


e, 


BUFFER 


es [| 


UREF © 
b 


UTHRESHOLD 


14 
O 13 


NBBTEAZASAa-18 


at pin 5 and than buffered to pins 1 and 2 for side- 
tone cancellation (see paragraph 3.2.). 


2.5. NOISE THRESHOLD (SQUELCH). The micro- 
phone signal is highly amplified (46dB) at pin 16, 
then peak detected and compared with an internal 
threshold at pin 714. 


If the peak so detected does not exceed the inter- 
nal threshold, the comparator reduces of about 9dB 
the sending gain Ge, acting at the preamplifier le- 
vel. 


In this way a strong attenuation is obtained, both of 

the speech noise (about 4dB) and of the ambient 

noise (9dB). 

The equivalent thresholds on the line are : 

- minus 39dBm to switch from squelch to normal 
gain, 

- minus 32dBm to switch from normal gain to 
squelch, 


with R8=150KQ from pin 15 to gnd and C=3.3nF 
from pin 16 to 15. 


These thresholds can be increased inserting also a 
resistor (R7) in series to C between pin 16 and 15. 


The variation is given by the formula : (R8 + R7)/R8. 


A hysteresis of about 3dB is defined to avoid conti- 
nuous switch between squelch and normal gain. 
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Figure 8. 


N@BTEAZE5@-11 UMICROPHONE 


3. RECEIVE CHAIN | : 
Figure 9. 


O 
ANTISIDETONE RECEIVE AMPLI 
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3.1. A.G.C. IN RECEIVE. As described for the trans- 
mission chain, also the receiving gains Gr, from pins 
1 and 2 to pin 28, have a reduction of 6dB when lline 
moves from 27mA to 42mA. 


3.2. SIDETONE COMPENSATION. The circuit is 
provided with a double anti-sidetone network to op- 


~ timize sidetone both at long and short lines. 


Before entering pins 1 and 2, the received signal is 

attenuated by two attenuating networks : 

. Zall/Zrlto pin 1 for long lines sidetone compen- 
sation, 


. Zalc/ Zrc to pin 2 for short lines sidetone com- 


pensation. 

Zrl and Zrc define the total receive gains : 
eee = Grl x —— for | li 
 yo4 Ziel 

V 28 Zrc 
ee ——————_ for short li 
b) od Gre x rex Zale or short lines 


Zall and Zalc define the sidetone compensation of 
the circuit. 


The equivalent balancing impedance is given by the 
formula : 
Zal = K x Zalc + (1 K) x Zall 


where K = 0 at Iline = 27mA or lower (long line) 
K varies from 0 to 1 with line between 27mA 


_and 42mA, 
K=1 at lline=42mA or higher (short line). 


Calculations to define Zall and Zalc are : 
Zli 
avalon nee eee 


Zout 
Zline(short) // Zext // Zint // Zout 


b) Zalc = 70 x R5 
) Zalc x x Fout 


where: | 

. Zext = R6// C4 // (Zelectret) (at pin 24) 

. Zint = 10Kohms // 8.5nF (internal impedance) 

- Zout = 10.65 x 24 (at pin 3 ; see paragr. 2.2.) 

. Zline(short) and (long) are the impedances of the 
line at OKm and 3.5Km. 

- R5=5.1Kohm+1% 


3.3. AC IMPEDANCE. The total AC impedance of 
the circuit to the line is : 


Zpar = Zout//Zint//Zext//Zalc//Zall (see par. 2.2. and 
3.2.) 
= Zout//Zint//Zext (Zalc, Zall Zpar) 


3.4. RECEIVE MUTE (and confidence level). When 
the receive channel is muted (Vpin 18 2.7V) the re- 
ceive gain is reduced of 60dB minimum. 


In this condition an internal connection is activated 
from DTMF input (pin 7) to Receive Output (pin 28) 
with a gain Gmf = 31dB to provide acoustic feed- 
back of the DTMF transmission. 
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4. MICROPROCESSOR INTERFACE 


4.1. MICROPROCESSOR SUPPLY (PIN 27). At "off- 
hook" the first priority of the circuit is to make some cur- 
rent available at the Microprocessor Supply (pin 27) to 
charge quickly the external capacitor C3. 


This charging current is : Icpm = 0.7 x (Iline - Idem), 
where Idem = 2.6mA is the current charging C1. 


Figure 10. 


TEA7050 


Vmp = 3.3V in normal operation and Current in- 
creases linearly-from 0.5mA min, ‘at lline = 6mA,.to 
2.5mA min, at lline = 27mA, remaining stable for hi- 
gher values of lline. . 


MICROPROCESSOR SUPPLY 
CURRENT Us. LINE CURRENT 


4.2. MICROPROCESSOR RESET (pin 20). The 
Microprocessor Reset becomes active when Vmp 
overcomes 85% of its nominal level. 


Figure 11. 


MEEBTEAPESA-13 


IL(mA} 


MEBETEAZES@-14 


It becomes low when Vmp undergoes 84%. 


Slope A is related to C3, limp (internal consumption) 
and to the external load (microprocessor or dialer). 
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5. PUBLIC / PRIVATE 


5.1.A.G.C. OFF (PIN 10). An external resistor, R18, 
applied between pin 10 and ground disconnects the 
AGC control. 


Sending, receiving gain and sidetone compensation 


Figure 12. 


MBBTEAZE5B-15 


GAIN REDUCTION 
Tx and Rx 


REFERENCE=-Gel-6dB 


and EQUIVALENT 
SIDETONE LINE 


B 18 12 


5.2. SECRET FUNCTION FOR PRIVATE (PINS 11 
& 18). The two separate Mute pins allow "Secret 
Function" (only microphone muted). 

As the two controls have different threshold levels, 
they can be operated : 


Ip(ufA) 


are now independent of the line length and the va- 
lue of the current Ip,: flowing through R18, defines 
the length of the line for which sidetone is optimized 
(Ip = 2.7V / R18). 


TEA?656 
TREF 


Ri8 = 68BBK 


a) separately through two different control logic, 


b) connected in short circuit with a three levels logic 
(Vm = OV speech mode ; Vm = 1.8V microph mute ; 
Vm = 8V all mute). 
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6. POWER MANAGEMEN AND HANDS-FREE INTERFACE 


6.1. POWER MANAGEMENT (PIN 712). Most of the 


-DC current available from the line will be delivered 


by the speech circuit at the output lsource (pin 12) 
through an internal current generator. 


Typical values of this current, lea, are : 
. lea = (0.3 x lline) for lline < 22mA 
- lea =(0.9 x lline 13mA) for lline > 22mA 


(ex : lline=16mA then lea=4.8mA 
lline=30mA then lea=14.0mA ~ 
lline=60mA then lea=41.Om) 


Figure 13. 


6.2. EXTRA RECEIVE OUTPUT (PIN 4). The Extra 
Receive Signal is active also in Receive Mute condi- 
tion, so allowing the transit of the receive signal from 
the speech circuit to the Hands-Free system even 
when the earpiece is muted. 


ky SGS-THOMSON 


The voltage level at pin 12 must be defined by an 
external regulator (i.e. : zener) and, if necessary, fil- 
tered with a capacitor (47 to 220 uF). 


In case Vline (at pin 24) approaches V at pin 12, 
then the internal current source switches off and its 
DC current is shunt to ground through an intemal 
complementary generator, thus avoiding any nega- 
tive effect on the Ac and DC impedances of the te- 
lephone set application. 


The gain at this pin is 30dB lower than standard Re- 
ceive Output (pin 28). 
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SPEECH CIRCUIT WITH POWER MANAGEMENT 


ADVANCE DATA 


s 2/4 WIRES INTERFACE WITH 
-. Double antisidetone network 
. Rx gain and AC impedance externally pro- 

grammable 

a DIMF INTERFACE 

a» PULSE DIAL INTERFACE 

» 4.0 VOLTS SUPPLY FOR MICROPROCES- 
SOR OR DIALER ~ 

a RESET TO MICROPROCESSOR 

» CURRENT SUPPLY FOR LOUDSPEAKER 

» HANDS-FREE INTERFACE 

» DC CHARACTERISTIC AND ON/OFF HOOK 
FOR FRANCE 

a CONTROL AGAINST HIGH VOLTAGE TRAN- 
SIENTS 


DESCRIPTION 


The TEA7052 is expressely designed to meet the 
french specification for telephone set in medium and 


BLOCK DIAGRAM 


MICRO 
PROCESSOR 
RESET 


MICRO 
PROCESSOR 
POWER SUPPLY 
CURRENT 


CONTROL 


ECEIVE 
Lea Les 


December 1988 


ORDER CODES : TEA7052DP (DIP24) 
TEA7052D (SO-28) 


MICROPHONE 
PREAMPLIFIER 


OTMF 
AMPLIFIER | 
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PIN CONNECTIONS (top view) 


ANTISIDETONE LONG LINE 
ANTISIDETONE SHORT LINE 
AC IMPEDANCE 

EXTRA RECEIVE OUTPUT 
AMPLIFIED TRANSMISSION 
Vref 

DTMF INPUT 

MICROPHONE INPUT 

Iref 

PRIVATE/PUBLIC 
MICROPHONE MUTE 

POWER CURRENT SOURCE 


ANTISIDETONE LONG LINE 
ANTISIDETONE SHORT LINE 
RAC IMPEDANCE 

EXTRA RECEIVE QUTPUT 
AMPLIFIED TRANSMISSION 
Uref 

DTNF INPUT 

MICROPHONE INPUT 

Iref 

PRIVATE/PUBLIC 
MICROPHONE NUTE 

POWER CURRENT SOURCE 
N.C. 

N.C. 


ow On a wt &® WN PRP 
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won avr an rw 


p> ph pe Bd BD 
& WN » © 
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RECEIVE OUTPUT 
MICROPROCESSOR SUPPLY 
ANTINOISE FILTER 

Uc 

ULINE 

SURCHARGE FILTER 
PULSE DIAL INPUT 

HU STAGE CONTROL 
MICROPROCESSOR RESET 
HOOK DETECTION 
RECEIVE MUTE 

GROUND 


RECEIVE QUTPUT 
MICROPROCESSOR SUPPLY 
ANTINOISE FILTER 

Vc 

ULINE 

SURCHARGE FILTER 
PULSE DIAL INPUT 

HY STAGE CONTROL 
MICROPROCESSOR RESET 
HOOK DETECTION 
RECEIVE MUTE 

GROUND 

N.C. 

N.C. 
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ELECTRICAL CHARACTERISTICS (Ta = 25°C ; PIN identification related to DiIP—24 configuration) 


[Symbol] Parameter | Test Conditions | win. | Typ. | Max. | Unit. | 
[ve | Siablized Votaye (nina) [w=arme ——=~~—=«dt os | ze | 20s |v 
iden | Charging Current pin 21) _[Wea7ma———S~dY Sid ne |) 


Ir Line Current Regulation for HV Pin 15 = Pin 21 = GND 
Control (pin17) Il = 150mA 150 LA 
Il = 100mA 
Pin 15 ON ; Pin 21 = GND 
Il = 75mA 150 LA . 


Pins 15 and 21 ON - 
Il = 60mMA 150 pA 
Il=16mA 100 nA 
Ir/Ul 27mA < Il < 50mA 0.8 1.0 pA/mA 
Internal Bias Current (pin 21) Il =27mA ; 250 310 pA 
R9 = 26.7 Kohms ; 
(V20 = R6 x lint + Vc) 
Reference Voltage I= 27mA 
Current at Vref pot | t0 
Stabilized Supply atPin23 | || 4.0 


| 4.0 
Charging Current at Pin 23 Pin 15 = Pin 21 = GND 0.7 x 
ILi =Il— Idem x IL1 

Static Current at Pin 23 ll=6mA 0.5 

li> 25mA 2.5 2.8 

3 

9.5 


Internal Consumption ee Oe 


8 : 11 
21 23.5 26 


0.89 


Supply Current for Parallel 
Circuits (pin 12) 


R9 = 26.7Kohm 
ll =10mA 
ll =27mA 
ll = 42mA 


Microprocessor Reset 
High Treshold 
Low Treshold 
Output High 

Output Low 


Reset = 1 
Reset = 0 


0.1 


off 

Os 

oO 

fee} 

oO 

© 

aay 

oS 

3 5 333 
No > > > 
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ELECTRICAL CHARACTERISTICS (Ta = 25°C ; PIN identification related to DIP—24 configuration) 


ll =27mA 
Il = 42mA 


I=27mMA -. .. 
Pin 11 > 1.6V 
ll =27 to 42mA 


VI = OdBm 
VI = 3dBm 


Tx Noise Il>27mA 
(psophometric) 2K at Pins 6-8 


Il=27mA 
Pin 11 > 1.6V 


ll =27mA 
ll = 42mA 


ll =27 to 42mA 
Vec = 500mV 
Vec = 700mV 


Il>27mA 


Il = 27mA 
Pin 14 > 2.7V 


Il =27 to 42mA 
Il > 27mA 500 


Grs Confidence Level Pin 11 > 1.6V ; 


, 


Vrec/Vmf : Pin 14 > 2.7V 
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TEST CIRCUIT 


DTMF INPUT 


MICROPHONE MUTE 
RECEIVE MUTE 
MICROPROCESSOR RESET 
PULSE DIAL INPUT 


s 


Ri = 920KQ 
R2 = 820KQ 
R3 = 1.5MQ 
R4 = 75Q 
R5 = 5.1KQ 
R8 = 13KQ 


RQ = 26.7KQ 


R11 = 140KQ 


R12 = 00 
R13 = 2.7KQ 
R14=0Q 
R15 = 140KQ 
R16 = 2.7KQ 
R17 = 1.2 KQ 


1 R14 


R18 = 680KQ. for private sarnniex 


ky 


R1iS 


SGS-THOMSON 
MICROELECTRONICS 


nJe348() 


1 
2 
3 
Ss 
6 
7 
4 
B 
b| 


C1 = 100pF 
C2 = 4.7pF 
C3 = 10pF 
C4 = 1pF 
C5 = 100uF 


C6 = 27pF 
C7 = 27pF 
C8 = 2.2nF 
C9 = 2.2nF 
Ci1 = 220nF 


TEA7052 


EXTRA CURRENT 
SUPPLY 


MEBTERZES2-43 
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CIRCUIT DESCRIPTION 


1. DC-CHARACTERISTICS 


1.1. VC (pin 21). The stabilized voltage Vc is 
connected to Vline (pin 20) through an internal shunt 
regulator which presents to the line a high AC impe- 


Figure 1. 


At "Off-hook", with only DC voltage applied to the 
line terminals, C1 fixes the timing of the line current 
profile at : 
- 150mA max for a time shorter than 400msec 
(T-charge) 
- 60mA max in steady state (conversation) 


Figure 2. 


156mA (max) 


66mA (max) 


NBBTEAZAS@-85 


dance at frequencies higher than 200Hz. At this pur- 
pose the value of C1 (at pin 21) must be not lower 
than 47 microFarad. 


M8BTEAZAS2-64 


T-charge of 240msec (typ) is obtained with 
Ci= 220uF. 


Vox Cit 


—————._ typically. 
=) WReany 


T-charge = 
charge ‘de 


466mS (max) 
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1.2. HOOK DETECTION (in ring mode) (pin 15). 


The DC-characteristic requested to allow off-hook 


‘detection by the exchange during ring call may be 


accomplished : 
a) through an analog control (R-C) or. 
b) by a microprocessor. 


a) Application with standard dialer (analog 
control) 

The components Ri, R2 and C2 define the timing 

of the DC characteristic and also limit at 75mA-peak 

the line current during decadic dialing. 


Figure 3. 


HOOK 
DETECT. 


TEA7052 


Optimum values are :- Ri x C2=1.8 sec; 
R2 x C2 = 0.8 sec. 


To reduce the minimum time between a "on-hook / 
off-hook" sequence, R2 may be replaced by aswitch 
to ground. 


RING CALL 


Ri/R2/C2 


_ b) Application with a microprocessor 


N8BTEAZAS5E-86 


Pin 15 may be controlled directly by the micro-controller, through a resistor Rib which replaces Ri, R2 and C2. 


Figure 4. 


HOOK 
DETECT. 


RING CALL 


MICROPROCESSOR SIGNAL 
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1.3. VLINE (pin 20). The line voltage (pin 20) is de- 
termined by the value of the external resistor R6 and 
by the internal current, lint, flowing between Vc (pin 
21) and Ground (see also paragr. 1.1.): 

Vline = Vc + R6 x lint. 


Figure 5. 


MEBTEAPES2-B8 


Vc is fixed by design at about 2.6 volts. 


Lint is reversely related to RQ (Lint = 7.5V/R9 at 
lline = 27mA). 


Vline must be externally adjusted (with R6) to gua- 
rantee both DC and AC characteristic in accordance 
to the french standards. At this purpose it is sugges- 
ted that Vline equals 5.6 volts at lline = 16mA. This 
typical value is obtained with R6 = 13Kohm. 


1.4. HIGH VOLTAGE CONTROL STAGE (pin 17). 
The behaviour of "HV control" is determined by se- 
veral conditions, both internal (Iline sensor) and ex- 
ternal (pins 15 and 21) with the purpose to accom- 
plish the different DC characteristics and transitory 
conditions imposed by the French specification : 


a) steady DC-characteristic and lightnings (pins 15 
and 21 ON) . 


b) DC-characteristic at off-hook (pin 15 and 21 
grounded) 


c) DC-characteristic during decadic dialing (pin 21 
grounded) 


d) DC-characteristic after off-hook in ringing (pin 15 
grounded) 


To do that, HV control pin regulates the current in- 
jected into the external high voltage transistor stage, 
requested by the French specification. 
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Figure 6. 


in 19 and 25 ON 
HU a) p 


CONTROL 
~ CURRENT 


156uUA 


30 66 IL(mA) 


b) pin 19 and 25 grounded 


HU 
CONTROL 
CURRENT 


126 IL(mA) 
c) pin 19 ON ; PIN 25 grounded 


HU 
CONTROL 
CURRENT 


36 66 IL (mA) 
d) pin 19 grounded ; pin 25 ON 


HU 
CONTROL 
CURRENT 


36 66 IL (mA) 


IL 
68 
| 
l 
I ] 
78.5 45 166 


| 
I 
?8.5 
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2. TRANSMISSION CHAIN 
Figure 7. 


PREAMPLI 


fp i 


14 


> 


DTMF AMPLI 


2.1. A.G.C. IN TRANSMISSION. The transmission 
gain between Microphone Input (pin 8) and Vline 
(pin 20) is internally decreased of 6dB when the line 
current varies from 27mA to 42mA with a constant 
AC load of 600 ohms. 


2.2. SENDING IMPEDANCE. The impedance of the 
Output Stage Amplifier, Zout, is determined by the 
impedance Z4 (at pin 3). 
Zout = 10.65 x 24. 
The total AC impedance shown to the line is the pa- 
rallel 
Zpar = Zout//Zint/Zext 


where : 
. Zint = 10kohm // 8.5nF (internal) 
- Zext = R6 // C4 (at pin 20) 


Oi 
5O 

O2 
RS fi 


60 


TX AMPLI 


=> O 26 
Q3 

i 

BUFFER 
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2.3. SENDING MUTE. In normal speech operation 
(Vmute < 0.8V), the signal at Microphone Input (pin 
8) is amplified to Vline (pin 20) with the gains Gec 
(short line), Gel (long line) or intermediate, depen- 
ding on lline. 


In sending mute condition :(Vmute > 1.6V) these 
gains are reduced of at least 60dB. In the same 
condition DTMF input (pin 7) is activated, with gain 
Gmf to the line independent from lline. 

2.4. ANTISIDETONE BUFFER. The signal coming 
from the sending preamplifier is internally presented 
at pin 5 and than buffered to pins 1 and 2 for side- 
tone cancellation (see paragraph 3.2.). 
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3. RECEIVE CHAIN 
Figure 8. 


3.1. A.G.C. IN RECEIVE. As described for the 
transmission chain, also the receiving gains Gr, from 
pins 1 and 2 to pin 24, have a reduction of 6dB when 
lline moves from 27mA to 42mA. 


3.2. SIDETONE COMPENSATION. The circuit is 
provided with a double anti-sidetone network to op- 
timize sidetone both at long and short lines. 
Before entering pins 1 and 2, the received signal is 
attenuated by two attenuating networks : 

. Zall/Zrlto pin 1 for long lines sidetone com- 


pensation, 
-. Zalc/Zrcto pin 2 for short lines sidetone com- 
pensation. 
Zrl and Zrc define the total receive gains : 
V 24 Zrc 
a) Vo0 =Grl x Tis Zall for long lines 
V 20 Zrc 
—— = —— ——  forshortli 
b) V 2d rc X Fo = Zale or short lines 


Zall and Zalc define the sidetone compensation of 
the circuit. 


The equivalent balancing impedance is given by the 
formula : 


AS) fiteouemoncs —— 


ANTISIDETONE 


TEA7052 


RECEIVE AMPLI 


NEBTEAZES2Z-12 


Zal = K x Zale + (1 - K) x Zall 
where K =0at lline = 27mA or lower (long line) 
K varies from 0 to 1 with Iline between27mA 
and 42mA, 
K = 1 at Iline = 42mA or higher (short line). 
Calculations to define Zall and Zalc are : . 
a) Zall = 70 x RS x: Zline(long) // Zext // Zint // Zout 
Zout 
Zline(short) // Zext // Zint // Zout 


b) Zalc = 70 x R5x 
) Zout 


where : 

. Zext =R6// C4 // (Zelectret) (at pin 20) 

. Zint = 10Kohms // 8.5nF (internal impedance) 

- Zout = 10.65 x 24 (at pin 3 ; see paragr. 2.2.) 

. Zline (short) and (long) are the impedances of the 
line at OKm and 3.5Km. 

- R5 =5.1Kohm+1% 


3.3. AC Impedance. The total AC impedance ofthe . 
circuit to the line is : 


Zpar = Zout/Zint//Zext//Zalc//Zall (see par. 2.2. and 
3.2.) 
= Zout//Zint//Zext (Zalc, Zall Zpar) 
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3.4. RECEIVE MUTE (and confidence level). When 
the receive channel is muted (Vpin 14 > 2.7V) the 
receive gain is reduced of 60dB minimum. 

In this condition an internal connection is activated 
from DTMF input (pin 7) to Receive Output (pin 24) 
with a gain Gmf = 38.5dB to provide acoustic feed- 
back of the DTMF transmission. 


4, MICROPROCESSOR INTERFACE 


4.1. MICROPROCESSOR SUPPLY (pin 23). At 
"off-hook" the first priority of the circuit is to make 
some current available at the Microprocessor Sup- 


ply (pin 23) to charge quickly the external capacitor 
C3. 


This charging current is : lcpm =0.7 x (line - Idem), 
where Idem = 2.6mA is the current charging C1. 


Vmp = 3.95V in normal operation and current in- 
creases linearly from 0.5mA min, at lline=6mA, to 
2.5mA min, at lline = 27mA, remaining stable for hi- 
gher values of lline. 


Figure 9 : Microprocessor Supply Current vs. Line Current. 


MICROPROCESSOR SUPPLY 
LINE CURRENT 


CURRENT Us. 


4.2. MICROPROCESSOR RESET (pin 16). The 
Microprocessor Reset becomes active when Vmp 
overcomes 85 % of its nominal level. 


It becomes low when Vmp undergoes 84 %. 


Figure 10. 


U 
SUPPLY 


M@STEACPESE-13 


IL(mA) 


MBETEAZESE-14 


Slope A is related to C3, limp (internal consump- 
tion) and to the external load (microprocessor or dia- 
ler). 


| SLOPE A 
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5. PUBLIC / PRIVATE 


5.1. A.G.C. OFF (pin 10). An external resistor, R18, are now independent of the line length and the va- 
applied between pin 10 and ground disconnects the lue of the current Ip, flowing through R18, defines 
AGC control. the length of the line for which sidetone is optimized 


Sending, receiving gain and sidetone compensation (Ip = 2.7V / R18). 


Figure 11. 


HOBTEAZES2-15 
GAIN ATTENUATION 
Tx and Rx 
REFERENCE -Gel=8dB TEAZBS2 
and EQUIVALENT 
SIDETONE LINE 


R18 = 686K 
AG = -2dB +* @.5dB 


5.2. SECRET FUNCTION FOR PRIVATE (pins 11 a) separately through two different control logic, 
& 14). The two separate Mute pins allow "Secret - by connected in short circuit with a three levels logic 
Function" (only microphone muted). (Vm = OV speech mode ; Vm = 1.8V microph 


As the two controls have different threshold levels, mute ; 
they can be operated : Vm = 3V all mute). 
f 
Gy SGs-THoMson — 
47 MICROELECTRONICS 
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6. POWER MANAGEMEN AND HANDS-FREE INTERFACE 


6.1. Power Management (pin 12). Most of the DC 
current available from the line will be delivered by 
the speech circuit at the output Isource (pin 12) 
through an internal current generator. 


Typical values of this current, lea, are : 
- lea = (0.3 x lline) for lline < 22mA 
-~ lea = (0.9 x lline 13mA) for lline > 22mA 


(ex : lline = 16mA then lea = 4.8mA 
lline = 30mA then lea = 14.0mA 
lline = 60mA then lea = 41.0mA 


Figure 12. 


6.2. EXTRA RECEIVE OUTPUT (pin 4). The Extra 
Receive Signal is active also in Receive Mute condi- 
tion, so allowing the transit of the receive signal from 
the speech circuit to an external hands-free system 
even when the earpiece is muted. 


The voltage level at pin 12 must be defined by an 
external regulator (i.e. : Zener) and, if necessary, fil- 
tered with a capacitor (47 to 220 microF). 


In case Vline (at pin 20) approaches V at pin 12, 
then the internal current source switches off and its 
DC current is shunt to ground through an internal 
complementary generator, thus avoiding and nega- 
tive effect on the AC and DC impedances of the te- 
lephone set application. 


MBETEAZESB-16 


The gain at this pin is 30dB lower than standard Re- 
ceive Output (pin 24). 
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| | SPEECH CIRCUIT 


a 2/4 WIRES INTERFACE WITH 
- DOUBLE ANTISIDETONE NETWORK 
. RX GAIN AND AC IMPEDANCE EXTER- 

NALLY PROGRAMMABLE 

a DTMF INTERFACE 

m» PULSE DIAL INTERFACE 

a 3.25 VOLTS SUPPLY FOR MICROPROCES- 
SOR OR DIALER 

a DC CHARACTERISTIC AND ON/OFF HOOK 
FOR FRANCE 

» CONTROL AGAINST HIGH VOLTAGE TRAN- 
SIENTS - 


ORDER CODE : TEA7053DP 


DESCRIPTION 


The TEA7053 is expressely designed to meet the 
french specification for basic telephone set. 


PIN CONNECTION (top view) 


ANTISIDETONE LONG LINE RECEIVE OQUTPUT 
ANTISIDETONE SHORT LINE 
AC IMPEDANCE 


AMPLIFIED TRANSMISSION 


MICROPROCESSOR SUPPLY 
ANTINOISE FILTER 

Uc 

Uref VULINE 

SURCHARGE FILTER 
PULSE DIAL INPUT 
HU STAGE CONTROL 


HOOK DETECTION 


DTMF INPUT 
MICROPHONE INPUT 
Iref 
PRIVATE/PUBLIC 


wo Ow oan wo &F W NY we 


MUTE 


> 
lav] 


| GROUND 
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BLOCK DIAGRAM 


IL1/IL2 


TH 


MICRO 
UL=F(IL) PROCESSOR 

LINE POVER SUPPLY 
CURRENT 


CONTROL 


DIMF 
AMPLIFIER 


i 


TX RECEIVE ANTI - 
AMPLIFIER AMPLIFIER SID=TONE 
O e@ 
3 26 d NEBBTEA?ES3-81 
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ELECTRICAL CHARACTERISTICS 


[symbol| Parameter | Test Conditions |_-Min. | Typ. | Max. | Unit. | 
| Idem | Charging Current (pin 17) | Wea7mA || || mA 
| 


Line Current Regulation for HV Pin 12 = Pin 17 = GND 
Control (pin 17) , Il = 150mA 
I! = 100mA 


Pin 12 ON ; Pin 17 = GND 
Il = 75mA 150 yA 
yA 


Pins 12 and 17 ON 
Il = 60mA 
Il = 16mA 
27mA < Il < 50mA 


Ir/ll 
Il =27MA ; RO = 26.7 KQ ; 


Internal Bias Current (pin 17) 
(V16 = R6-lint + Vc) 


| 
iret | Curentatviet —SSCSC~—S tt 


oe ee eee aa ae 
Charging Current at Pin 19 Pin 12 = Pin 17 = GND 0.7 x mA 
IL1 =!l-— Idem x IL1 
Ispm_ | Static Current at Pin 19 Il =6mA 0.5 m 
Il > 25mA 2.5 


A . 
[limp _| Internal Consumption po 80 20 | 60 | 
Vmh Mute Microphone (pin 10) ON 1.6 V 
Vmb OFF V 
Vmh Mute Earphone (pin 10) ON 2.7 V 
Vmb : OFF 2.1 V 
Gel Tx Gain Long Line Il=27mA 41 42 43 
Gec Tx Gain Short Line Il = 42mA 34 36 38 
Gmf DTMF Gain Il =27mA 41 42 43 
Pin 10 > 1.6V 
Tx Distortion Il = 27 to 42mA 
VI = OdBm 3 % 
VI = 3dBm 10 % 


|_Ze | Microphone Impedance | C—Cié‘iLC | S| S| Koh 

| Bep | TxNolse (psophometric) | > a7mA;2k atPins6-7 | | -713 |__| Bmp | 

| Re | TxAttenuation in Mute Mode | l=27mA;Pinto>tev | 60 | | | BC 
Gre Il = 42mA 22 24 26 


ll =27 to 42mA 
Vec = 500mV 
Vec = 700mV 
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Figure 1 : Test Circuit. 
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MUTE 


PULSE DIAL INPUT 
DTMF INPUT MEBTEA7ZBS3-82 


R1 = 820KQ Ri2=02 
R2 = 820KQ R13 = 2.7KQ 
R3 = 1.5MQ Ri4 = 02 
R4 = 75Q R15 = 140KQ 
R5 = 5.1KQ R16 = 2.7KQ 


Ci = 100nF 
C2 = 4.7uF 
C3 = 10KF 
C4 = 1nF 
C5 = 100uF 


C6 = 27pF 
C7 = 27pF 
C8 = 2.2nF 
C9 = 2.2nF 
C11 = 220uF 


R8 = 18KQ R17 = 1.2 KQ 
RO = 26.7KQ R18 = 680KQ for private complex 
R11 = 140KQ 
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CIRCUIT DESCRIPTION 


1. DC-Characteristics 


11.VC (pin 17). The stabilized voltage Vc is 
connected to Vline (pin 16) through an internal shunt 
regulator which presents to the line a high AC impe- 


Figure 2. 


At "Off-hook", with only DC voltage applied to the 
line terminals, C1 fixes the timing of the line current 
profile at : 
. ~-150mA max for atime shorter than 400msec 
(T-charge) | 
. -60mA max in steady state (conversation) 


Figure 3. 


156mA (max) 


66mA (max) 


MN@BTEAZESE-@5 


TEA7053 


dance at frequencies higher than 200Hz. At this pur- 
pose the value of C1 (at pin 17) must be not lower 
than 47 microFarad. 


MEETEAZES3-B4 


T-charge of 240msec (typ) is obtained with 
C1=220uF 


Vex C1 
T- = ——__— typically. 
charge AER typically 


466mS (max) 
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1.2. HOOK DETECTION (in ring mode) (pin 12). 
The DC-characteristic requested to allow off-hook 
detection by the exchange during ring call may be 
accomplished : : 


a) through an analog control (R-C) or 
b) by a microprocessor. 
a) Application with standard dialer (analog control) 


Figure 4. 


HOOK 
DETECT. 


The components R1, R2 and C2 define the timing 
of the DC characteristic and also limit at 75mA-peak 
the line current during decadic dialing. 


Optimum values are :- R1 x C2 = 1.8sec ; R2 x C2 
= 0.8sec. 
To reduce the minimum time between a "on-hook / 


off-hook" sequence, R2 may be replaced by aswitch 
to ground. 


RING CALL 


(RA/R2/C2 


b) Application with a microprocessor 


MEGTEAZASE-BE 


Pin 12 may be controlled directly by the micro-controller, through a resistor R1b which replaces R1, R2 and C2. 


Figure 5. 


HOOK 
DETECT. 


RING CALL 


MICROPROCESSOR SIGNAL 
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1.3. ViINE (pin 16). The line voltage (pin 16) is de- 
termined by the value of the external resistor R6 and 
by the internal current, lint, flowing between Vc (pin 
17) and Ground (see also parag. 1.1.) : 


Vine = Ve + R6 * lint. 
Vc is fixed by design at about 2.6 volts. 


_ Figure 6. 


NEBTEAZESI-@8 


1.4. HIGH VOLTAGE CONTROL STAGE (pin 13). 
The behaviour of "HV control" is determined by se- 
veral conditions, both internal (Iline sensor) and ex- 
ternal (pins 12 and 17) with the purpose to accom- 
plish the different DC characteristics and transitory 
conditions imposed by the French specification : 
a) steady DC-characteristic and lightnings (pins 12 
and 17 ON) 


b) DC-characteristic at off-hook (pin 12 and 17 
grounded) 


TEA7053 


lint is reversely related to R9Q (lint = 7.5V/R9 at 
ILINE = 27mMA). 


VLINE Must be externally adjusted (with R6) to gua- 
rantee both DC and AC characteristic in accordance 
to the french standards. At this purpose itis sugges- 
ted that Vline equals 5.6 volts at lline = 16mA. This 
typical value is obtained with R6 = 13Kohm. 


c) DC-characteristic during decadic dialing (pin 17 
grounded) 


d) DC-characteristic after off-hook in ringing (pin 12 
grounded) 


To do that, HV control pin regulates the current in- 
jected into the external high voltage transistor stage, 
requested by the French specification. 
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Figure 7. 


a) pin 12 and 17 ON 


sehr nak 

CURRENT 
1450uUA 
2°7uA 


IL( mA) 
b) pin 12 and 17 grounded 


pao 
CURRENT 


126 TL (ma) 


Cc) a 12 ON ; pin 17 grounded 


sanraee 
CURRENT 


66 IL(mA) 
d) pin 12 ee ;pin 17 ON 


HU 
CONTROL 
CURRENT 


UL(U) 
N88TEAZESG -@9 


IL(mA) 
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| 2. Transmission Chain 


Figure 8. 


PREAMPLI 


> 


DTMF AMPLI 


2.1. A.G.C. IN TRANSMISSION. The transmission 
gain between Microphone Input (pin 7) and Vline 
(pin 16) is internally decreased of 6dB when the line 
current varies from 27mA to 42mA with a constant 
AC load of 600ohms. 


2.2. SENDING IMPEDANCE. The impedance of the 
Output Stage Amplifier, Zout, is determined by the 
impedance Z4 at pin 3. 
Zout = 10.65 x 24. 
The total AC impedance shown to the line is the pa- 
rallel 
Zpar = Zout/Zint//Zext _ 


where : 
. Zint = 10kohm // 8.5nF (internal) 


MUTE 


TEA7053 


TX AMPLI 


BUFFER 
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- Zext = R6 // C4 (at pin 16) 


2.3. SENDING MUTE. In normal speech operation 
(Vmute at pin 10*0.8V), the signal at Microphone 
Input (pin 7) is amplified to Vline (pin 16) with the 
gains Gec (short line), Gel (long line) or interme- 
diate, depending on lline. 


In sending mute condition (Vmute 1.6V) these 
gains are reduced of at least 60dB. In the same 
condition DTMF input (pin 6) is activated, with gain 
Gmf to the line independent from Iline. 

2.4, ANTISIDETONE BUFFER, The signal coming 
from the sending preamplifier is internally presented 
at pin 4 and than buffered to pins 1 and 2 for side- 
tone cancellation (see paragraph 3.2.). 
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3. Receive Chain 


Figure 9. 


3.1.A.G.C. INRECEIVE. As described for the trans- 
mission chain, also the receiving gains Gr, from pins 
1 and 2 to pin 20, have a reduction of 6dB when lline 
moves from 27mA to 42mA. 


3.2, SIDETONE COMPENSATION. The circuit is 
provided with a double anti-sidetone network to op- 
timize sidetone both at long and short lines. 


Before entering pins 1 and 2, the received signal is 
attenuated by two attenuating networks : 


Zall / Zrl to pin 1 for long lines sidetone compensa- 
tion, 

Zalc / Zrc to pin 2 for short lines sidetone compen- 
sation. 

Zrl and Zrc define the total receive gains : 


V 20 Zrl 

a) Vie” =Grl x FiaZall for long lines 
V 20 Zrc 

b) vie. = Gre x Foavale for short lines 


Zall and Zalc define the sidetone compensation of 
the circuit. 
The equivalent balancing impedance is given by the 


formula : 
Zal = K * Zalc + (1—K) * Zall 
where : 


. K=0Oat lline = 27mA or lower (long line) 

. Kvaries from 0 to 1 with lline between 27mA and 
42mA, 

- K=1 at line = 42mA or higher (short line). 


ANTISIDETONE 


RECEIVE AMPLI 
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Calculations to define Zall and Zalc are : 
; | Z Zint // Z 
Fal 70 abe el ce Smt cout 


Zout 
Zline(short) // Zext // Zint // Zout 


b) Zalc = 70 x R5 x 
Zout 


where : : 

. Zext=R6//C4// (Zelectret) (at pin 16) 

- Zint= 10Kohms // 8.5nF (internal impedance) 

. Zout= 10.65 * 24 (at pin 3 ; see paragr. 2.2.) 

. Zline (short) and (long) are the impedances of the 
line at O0Km and 3.5 Km. 
R5=5.1 Kohmt1% 


3.3. AC IMPEDANCE. The total AC impedance of 
the circuit to the line is : 


Zpar = Zout//Zint//Zext//Zalc//Zall (see par. 2.2. and 
3.2.) 
= Zout//Zint//Zext (Zalc, Zall >> Zpar) 


3.4, RECEIVE MUTE (AND CONFIDENCE LE- 
VEL). When the receive channel is muted (Vmute 
at pin 10 2.7V) the receive gain is reduced of 60dB 
minimum. 


In this condition an internal connection is activated 
from line DTMF output (pin 16) to Receive Output 
(pin 20) with a gain Gmf = 38.5dB to provide acou- 
stic feedback of the DTMF transmission. 
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4. Microprocessor Interface 


4.1. MICROPROCESSOR SUPPLY (PIN 19). At 
"off-hook" the first priority of the circuit is to make 
some current available at the Microprocessor Sup- 
ply (pin 19) to charge quickly the external capacitor 
C3. 


Figure 10. 


MICROPROCESSOR SUPPLY 
CURRENT Us. LINE CURRENT 


IL(mA) 


MBBTEA7ZESE-14 
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This charging current is : cpm = 0.7 * (Iline - Idem), 
where Idem = 2.6mA is the current charging C7. 


Vmp = 3.25V in normal operation and current in- 
creases linearly from 0.5mA min, at lline = 6mA, to 
2.5mA min, at lline = 27mA, remaining stable for hi- 
gher values of lline. 


5. Public/Private 


5.1. A.G.C. OFF (PIN 9). An external resistor, R18, 
applied between pin 9 and ground disconnects the 
AGC control. 


Sending, receiving gain and sidetone compensation 
are now independent of the line lenght and the va- 
lue of the current Ip, flowing through R18, defines 
the lenght of the line for which sidetone is optimized 
(Ip = 2.7V/R18). 


N8BTEAZBS3-15 
GAIN ATTENUATION 
Tx and Rx 
REFERENCE =Ge1=6dB 
and EQUIVALENT 
SIDETONE LINE 


TEAC8S3 


R18 = 688K 


= -2dB + @.5dB 


2 4 5 8 


5.2. SECRET FUNCTION (PIN 10). The Mute pin 
allows "Secret Function" (only microphone muted), 
when the circuit is used for private market. 


As the control of sending and receiving must have 
different threshold levels, it can be operated with a 
three levels logic : 


a) Vm = OV speech mode ; 
b) Vm = 1.8V microphone muted ; 
c) Vm = 3.0V all speech muted. 
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SPEECH CIRCUIT WITH POWER MANAGEMENT 


a 2/4 WIRES INTERFACE WITH 
. double antisidetone network 
. Rx gain and AC impedance externally pro- 
grammable 
- AGC attack/disconnect points programmable 
s DTMF INTERFACE 
as 3.3 VOLTS SUPPLY FOR MICROPROCES- 
SOR OR DIALER 
» CURRENT SUPPLY FOR LOUDSPEAKER 


DESCRIPTION 


The TEA7062 is designed to meet the different eu- 
ropean specifications for telephone set in medium 


and high range equipments. 
EXTRA pecans 
oi pause 
POWER SUPPLY 


LINE 


BLOCK DIAGRAM 


CURRENT 
CONTROL 


ein 


Erne ag EARPHONE 
AMPLIFIER SIDETONE 


January 1989 


ORDER CODE : TEA7062DP 


TEA?EB2 


MICROPHONE 
PREAMPLIFIER 


DTMF 
AMPLIFIER 


MBETERZBE2-B! 
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PIN CONNECTIONS (top view) 


RECEIVE OUTPUT 


ra 


ANTISIDETONE LONG LINE 
MICROPROCESSOR SUPPLY 
ANTINOISE FILTER 

Uc 


ANTISIDETONE SHORT LINE 
AC IMPEDANCE 

‘AMPLIFIED TRANSMISSION 
Uref ULINE 

DTMF INPUT ‘I-SLOPE (AGC) 
MICROPHONE INPUT MUTE 


Iref GROUND 


2 
| 
4A 
+S) 
6 
7 
8 
g 


I-START (AGC) POWER CURRENT SOURCE 


M&EBTEAZTBE2-82 


TEST CIRCUIT 


DTMF INPUT 
MUTE 


MBBTEAZBE2-B3 


R4 = 759 R12 =0Q R17 = 1.2KQ C5 = 100pF 
R5 = 5.1KQ R13 = 2.7KQ C1 = 47uF C6 = 27pF 
R6 = 18KQ R14 =0Q C2 = 4.7uF C7 = 27pF 
R9 = 100KQ R15 = 140KQ C3 = 220uF C8 = 1.5nF 
R1ii = 140 KQ R16 = 2.7KQ C4 = ipF C9 = 1.5nF 
Oe ky SGS:THOMSON 
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ELECTRICAL CHARACTERISTICS 
(Rg = 100KQ ; T, = 25°C ; identification of the pins related to DIP-18 unless otherwise noted) 


Symbol Parameter Test Conditions 


Min. | Typ. | Max. | 
I, = 25mA _ 23 | 26 | 27 | ov 


Internal Bias aaah (pin a IL =25mA nie 
145 


lL = 6MA 

| (ia - R6*lint + VC) 
| _Vret_| Reference Voltage | =25mMACSC*dL«Ct0SCS|C | 35 | OVC 
iret [Ourentatvier | 0 00 


Ce [eevee [ee fee PT 
mA line 
momen eee 
. | IL > 25 mA 


fi>25maA;Ro=68k || 28 || mA 
Nr 


Supply Current for Parallel IL = 16mA 
Circuits (pin 10) IL = 30mA oy 6 
IL = 60mA 40.0 
Vmh_ | Mute Microphone (pin 12) ON 6 
Vmb OFF . ¥ 
Vmh_ | Mute Earphone (pin 12) ON 2.7 V 
Vmb OFF ; 2.1 V 
Gs Tx Gain Long Line IL = 20mA 50 51 dB 
AGCs | Line Lenght Control! -7 -6 dB 


| Gmt_ | DTMFGain | Pin't2>tev | 945 | 55 | 365 | OB | 


THDs | Tx Distortion ¥ > 25mA 
= 0dBm 
= 3dBm o 


ee es Ce Ee ae ee 


Tx Noise (psophometric) IL > 25mA -— 70 dBmp 
2KQ at Pins 5-7 
Tx Attenuation in Mute Mode IL > 25mA 
Pin 12 > 1.6V 
Gr Rx Gain Long Line IL =20mA 29 31 dB 
AGCr | Line Lenght Control -7 -5 dB 
THDr | Rx Distortion IL > 25mA 
Vro = 500mV 
Vro = 680mV 
| RxNoise = sd Noise IL > 25mA = 


Rx Attenuation in Mute Mode IL = 25mA 
Pin 12 > 2.7V 


Ts ———T ga” Tot 1 
ae ee 


Confidence Level ViineVrec in| Pin 12 > 2.7V 
DTMF 
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CIRCUIT DESCRIPTION 


1. DC Characteristics 


1.1 Ve (pin 15). The stabilized voltage Vc is connec- 
ted to Vline (pin 14) througth an internal shunt regu- 
lator T1, T2, which presents to the line a high AC 
impedance at frequencies higher than 200Hz. At 


Figure 1. 


1.2 Vine (pin 14). The line voltage (pin 14) is de- 
termined by the value of the external resistor R6 


and by the internal current, lint, flowing between 
Vc (pin 15) and Ground (see also paragr. 1.1) : 


Vine = Vo + R6 x lint. 
Vc is fixed by design at about 2.5V. 


lint is reversely related to RQ (lint = 16V/R9 + GOLA 
at ILINE > 25mA). 


Figure 2. 


ULINE 
pin 14 (VU) 


this purpose the value of Ci (at pin 15) must be not 
lower than 47 microFarad (suggested value is 
100uF). 

The shunt regulator, T1 and T2, also controls the 
extra current source, or power management, at pin 
10 (see also paragraph 6). 


CURRENT 
SOURCE 


ME8BTEA7ZEE2-04 


VLINE must be externally adjusted (with R6) to gua- 
rantee both DC and AC characteristic in accordance 
to the specific standard of the different administra- 
tions. 


Another adjustment of the DC characteristic is pos- 
sible with R9. Increasing the value of R9 causes a 
decrease Of lintand consequently a reduction of the 
product lint x R9. 


RS=6BK 


RS- 186K 


WIIH R6-6.2Koms 
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2. Transmission Chain 
Figure 3. 


PREAMP 


oD —_ 


12 
o>. || RA 


OTMF AMP 


2.1 A.G.C, IN TRANSMISSION, The transmission 
gain between Microphone Input (pin 7) and Vline 
(pin 14) is internally decreased of 6dB when the line 
current varies from ILL to ILS with a constant AC 
load of 600Q. 


The values of ILL (long line current) and ILS (short 


line current) are programmable through I-start (pin ~ 


9) and I-slope (pin 13) (see also paragr. 4). 


2.2 SENDING IMPEDANCE. The impedance of the 
Output Stage Amplifier, Zout, is determined by the 
impedance 24 (at pin 3). 

Zout = 10.65 x 24. 
The total AC impedance shown to the line is the pa- 
rallel 


Zpar = Zout/Zint//Zext 


TEA7062 


OUTPUT STAGE 


i. O 14 
03 | 


BUFFER 


MBBTEAZE62-18 


where : 
- Zint = 10kQ//8.5nF (internal) 
- Zext = R6//C4 (at pin 14) 


2.3 SENDING MUTE. In normal speech operation 
(Vmute at pin 12 < 0.8V), the signal at Microphone 
Input (pin 7) is amplified to Vline (pin 14) with the 
gain Gs (long line) or up to 6dB lower (shorter lines) 
depending on AGC control (see paragr. 4). 


In sending mute condition (V12 > 1.6V) these gains - 
are reduced of at least 60dB. In the same condition, 
DTMF input (pin 6) is activated, with gain Gmf to the 
line independent from lline. 


2.4 ANTISIDETONE BUFFER. The signal coming 
from the sending preamplifier is internally presented 
at pin 4 and than buffered to pins 1 and 2 for side- 
tone cancellation (see paragraph 3.2). 


57 SGS:THOMSON = 
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3.Receive Chain 
Figure 4. 


3.1 A.G.C. IN RECEIVE. As described for the 
transmission chain, also the receiving gains Gr, 
from pins 1 and 2 to pin 24, have a reduction of 
6dB when lline moves from ILL to ILS (see also 
paragr. 4). 


3.2 SIDETONE COMPENSATION. The circuit is 
provided with a double anti-sidetone network to 
optimize both at long and short lines. 

‘In case double antisidetone network is not reques- 
ted by the application needs, pins 1 and 2 can be 
connected to each other and 5 external passive 
components can be saved (ZALL and ZRL). 


Before entering pins 1 and 2, the received signal is 
areduced by the two attenuating networks : 


-ZALL/ZRL to pin 1 for long lines sidetone com- 
pensation, 


-ZALS/ZALS to pin 2 for short lines sidetone com- 
pensation. 


ZRL and ZRC define the total receive gains : 


a) V18 ZRL 
=Grx —W—— _ for long lines 
Vi4 ZRL+ZALL 
b) V18 ZRS forshortlines | 
—— = (Gr - 6dB)x 
V14 ZRS+ZALS 


ZALL and ZALS define the sidetone compenstaion 
of the circuit. 


The equivalent balancing impedance is given by the 
formula : 


“4 _________________ {7 SGs-THoMson 


‘ ZAC = Zout//Zint//Zext 


EARPHONE AMP 


SIDETONE 
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ZAL = K x ZALS + (1 - K) x ZALL 


where : 

-K = 0 at lline = ILL or lower (long line) 

-K varies from 0 to 1 with line between ILL and ILS 
-K = 1 at Iline = ILS or higher (short line). 


Calculations to define ZALL and ZALS are : 


ZALL=70xR5x Zine (onehiZevwZinrZou 


Zout 
b) Zline (short)//Zext//Zint//Zout 
ZALS = 70 x R5 x ladda 


where : 

- Zext = R6//C4//(Zelectret) (at pin 11) 

- Zint = 10Kohms//8.5nF (internal impedance) 

- Zout = 10.65 * 24 (at pin 3 ; see paragr. 2.2) 

- Zline (short) and (long) are the impedances of the. 
line at minimum and maximum line length 

-R5=5.1Kohm+1% 


3.3 AC IMPEDANCE. The total AC impedance of 
the circuit to the line is : 

ZAG = Zout//Zint//Zext/ZALS//ZALL (see par. 2. 2 
and 3.2) 

(ZALS, ZALL>>ZAC) 


3.4 RECEIVE MUTE (and confidence level). When 
the receive channel is muted (Vpin 12 > 2:7V) the 
receive gain is reduced of 60dB minimum. 
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In this condition an internal connection is activated 
from line DTMF output (pin 16) to Receive Output 


4. A.G.C. and Sidetone Programming 
Figure 5. 


GAIN LONG 
LINE 


(dB) 


SIDETONE 
EFFICIENCY 


PoLe 


AGC and si- 
detone attack and disonnect points (or currents) 
are programmable externally through two inde- 
pendents pins, I-start (pin 19) and I-slope (pin 13). 
4.2 |-START (pin 9). An external resistor RLL 
connected between I-start (pin 9) and Microproces- 
sor Supply (pin 17) controls the attack point of AGC 
and ZAL (antisedetone Z). 

ILL is the line current at which the control starts. 
Formulas for ILL and RLL with R9 = 100K are : 
iLL. __2880 


+11mA 
RLL 
2880 
(ILL - 1171mA) 


4.3 |-SLOPE (pin 13) 


An external resistor RLS connected between I-slope 
(pin 13) and Microprocessor Supply (pin 17) controls 
the disconnect point of AGC and ZAL (antisidetone 
Z). ILS is the line current at which the control stops. 
Formulas for ILS and RLS with R9 = 100K are : 


4680 


ILS = —— +ILL; 
RLS 


TEA7062 


(pin 18) with a gain Gmf = 32dBto provide acoustic 
feedback of the DTMF transmission. 


GAIN SHORT LINE 


IL (mA) 


lILs 


MEETEAZEE2-87 


4680 


(ILS - ILL) 


4.4 A.G.C. OFF (pin 9 and 13). Programming ILL 
and ILS respectively higher than 70mA and 
450mA is forcing the IC in AGC OFF Condition. 


Suggested external components are : RLL = 
51kohm and RLS = 10Kohm. 


Sending, receiving gain and sidetone compensation 
are so independent of the line lenght. Pins 1 and 2 
can be connected to each other saving 5 passive 
external components at pin 2. 


4.5 SECRET FUNCTION FOR PRIVATE (pin 12). 
The two separate thresholds for sending and Re- 
ceiving Mute (pin 12) allow "Secret Function” (on- 
ly microphone muted). 


Pin 12 can be set: 
a) between OV and 0.8V for speech mode, 


b) between 1.6V and 2.1V for "secret" mode (micro 
phone muted), 


C) between 2.7V and 3.3V for "all muted" mode 
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5. Microprocessor Interface 


(pin 17). At "off- 
hook" the first priority of the circuit is to make some 
, current available at the Microprocessor Supply (pin 
17) to charge quicly the external capacitor C2. 
This charging current is Icpm = 0.6 x ILINE. 
T-charge of about 1 msec is necessary, with 
C2 = 4.7/uF, to charge pin 17 at the specified value 
of 3.3V typical : 


Figure 6. 


3.3V x C2 
T-charge = 
' 0.6 lune 


typically. 


Vmp = 3.3V in normal operation and current in- 
creases linearly from 0.5 mA min, at ILineE = 6mA, to 
2.5mA, at ILINE = 25mA, remaining stable for higher 
values of ILINE. 


RS=- 166K 


6. Power Management 


6.1 POWER MANAGEMENT(pin 10). Most of the 
DC current available from the line be delivered by 
the speech circuit at the output Isource (pin 10) 
through an internal current generator. 


Typical values of this current, lea with R9 = 100K, 
are : 


lea = (0.3 xILINE) for ILINE < 16.5mA 
lea = (0.9 x ILineE-10mA) for ILine >16.5mA 
(ex : ILINE = 16MA then lea = 5MA 


88 IL (mA) 


M88TEAZTEE2-88 


ILINE = 30mA then lea = 17mA 
ILine = 60mA then lea = 11mA). 


The voltage level at pin 10 must be defined by an 
external regulator (i.e. : zener) and, if necessary, fil- 
tered with a capacitor (47 to 220 microF). 


In case VLine (at pin 14) approaches voltage at pin 
10, then the internal current source switches off and 
its DC current is shunt to ground through an inter- 
nal complimentary generator, thus avoiding any ne- 
gative effect on the AC and DC impedances of the 
telephone set application. 
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Figure 7. 
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EXTRA CURRENT SUPPLY 


AT pin 18 


8B IL (mA) 
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» DESIGNED FOR TELEPHONE BELL RE- 
PLACEMENT 

« LOW CURRENT DRAIN 

» SMALL SIZE "MINIDIP" PACKAGE 

» ADJUSTABLE 2-FREQUENCY TONE 

» ADJUSTABLE WARBLING RATE 

» BUILT-IN HYSTERESIS PREVENTS FALSE 
TRIGGERING AND ROTARY DIAL "CHIRPS" 

» EXTERNAL TRIGGERING OR RINGER DISA- 
BLE (ML8204) 

» ADJUSTABLE FOR REDUCED SUPPLY INI- 
TIATION CURRENT (ML8205) 

=» TELEPHONE SET TONE RINGERS 

s EXTENSION TONE RINGER MODULES 

» ALARMS OR OTHER ALERTING DEVICES 


DESCRIPTION 


The ML8204/ML8205 tone ringers are monolithic 
devices, each incorporating two oscillators, an out- 
put amplifier and a power supply control circuit. The 
oscillator frequencies can be adjusted over a wide 
range by selection of external components. One os- 
cillator, normally operated at a low frequency (fL), 
causes the second oscillator to alternate between 
its nominal frequency (fH1), and a related higher fre- 
quency (fH2). The resulting output is a distinctive 
"warbling" tone. The output amplifier will drive either 
a transformer coupled loudspeaker or a piezo-cera- 
mic transducer. The device can be powered from a 
telephone line or a fixed d.c. supply. The power sup- 
ply control circuit has built-in hysteresis to prevent 
false triggering and rotary dial "chirps". The ML8204 
can be triggered externally under logic control. The 
ML8205 has provision for adjustment of the power 
supply initiation current. 


November 1988 
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ML8205 


TONE RINGER 


MINIDIP 


ORDER CODE : ML8204 
ML8205 


PIN CONNECTIONS (top view) 


OUTPUT 


ML8204 


TIME 


HIGH f . 
CONSTANT 


OUTPUT 


HIGH f 
ML8205 TIME 
CONSTANT 


LOW f 
TIME 
CONSTANT 
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BLOCK DIAGRAM 


Vs 


TRIGGER IN 
(ML8204) 
POWER SUPPLY 
CONTROL 
: CIRCUIT : 
Rot (WITH HYSTERESIS) OUTPUT 


(ML8205) 


LOW FREQUENCY 
OSCILLATOR 


LOW HIGH f 
TIME CONSTANT TIME CONSTANT 


ABSOLUTE MAXIMUM RATINGS* 


n Parameter Value | Unit | 
Supply Voltage - GND 
Operating Temperature 
Storage Temperature (E package) 
| Prot_| Total Power Dissipation (Epackage)) | 40S] 


Stresses in excess of thos listed unter "Absolute Maximum Ratings" may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at these or any other conditions in excess of those indicated in the 


THERMAL DATA | 


Thermal Resistance Junction-ambient Max a ee ee 
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ELECTRICAL CHARACTERISTICS (all voltages referenced to GND unless otherwise noted 
Tamb = 2 ie 


fmol] Paranoia [rest Gains [in [ie a 


| V, | Operating | Operating Supply Voltage si Voltage 


Supply Initiation Voltage"? Trigger in Fou Circuit 
a 


para ee 


Supply Initiation Current So Load V; = Vsi 1.4 2.5 4.2 
Rs_ =6.8 kQ (ML8205) 


Tess | Susting Curent [No Load Ve=Vaue. [07 [12 || ma 
Cen [rigger Votage) oe 
Tira | Trigger Curent ada 
Vos | Disable votage™ SOidSSCSC~“—~sS~—~—sSSC‘“SCSC‘; «| 
“tow | Gieable Gurren? i 
ve onpurvonge feta fe fav 


Oscillator Frequency Tolerance Component Tolerance 
Excluded 


Notes: 1. V.iis the value of supply voltage which must be exceeded to trigger oscillation. 
2. Vsus is the value of supply voltage required to maintain oscillation. 
3. Vrr and hr are the conditions applied to Trigger In to start oscillation for Vsus< Vs < Vsi. 
4. Vois and Ipis are the conditions applied to Trigger In to inhibit oscillation for Vsi< Vs. 
5. Trigger Current must be limited to this value externally. 
Figure 1a : Supply Current vs. Supply Voltage Figure 1b : Load Voltage and Supply Current vs. 
(no lead). Load Current. 
G-5970 
i BESEARERRRER +4 is 
(Vrms) PT TTT tT TT TT TT TT Vimay 
SRESERERRERE EES 
F vgca ppt ttt ttt tt Sas 
Pe) OG OS OG OG 
— SRR RRP ae 
a as OO 
g Poteet TT PN Ta Tt 
} vsesv |} tt Pa ae 
et | | | tT ON TT 
gO 8 0 as Ps 
oe a Toe TES 
rt tt tT tt at EAN EEN 
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FUNCTIONAL DESCRIPTION 


The M8204/ML8205 Tone Ringers are primarily in- 
tended for use as replacements for the mechanical 
bell in telephone sets. Each incorporates two oscil- 
lators, an output amplifier and a power supply 
control circuit. The devices can be powered direct- 
ly from the telephone line using the a.c. ringing vol- 
tage, or they may be powered from a separate d.c. 
supply. The output amplifier is capable of driving a 
wide range of load impedances when powered from 
a low impedance supply. The power supply control 
circuit provides the hysteresis required to ensure po- 
sitive triggering of the device and to prevent tran- 
sient triggering due to dial pulsing. 


As the power supply voltage to the ML8204/ML8205 
is increased up to the supply initiation voltage (Vs), 
the supply current also increases up to (Isi). When 
Vsi is exceeded, oscillation begins and the static po- 
wer supply current decreases (see fig. 2a). The low 
frequency oscillator (LFO) oscillates at a rate (f.) 
controlled by an external resistor and capacitor. The 
frequency can be determined using the relation f_ = 
1/(1.234RC) where R is the value of the resistor 
connected between pins 3 and 4, and C is the va- 
lue of the capacitor connected between pin 3 and 
ground. 


The output of the LFO is internally connected to the 
switching threshold circuitry of the high frequency 
(HFO). When the output of the LFO is high, HFO os- 
cillates at its nominal rate (fxH1), described by the re- 
lation fH1 = 1/(1.515RC) where R is the value of the 
resistor connected between pins 6 and 7, and C is 
the value of the capacitor connected between pin 6 
and ground. When the output of the LFO is low, the 
HFO oscillates at a higher rate (fH2) described by 
the relation fue = 1.25 fui. Thus the LFO sets the 
warbling rate : the rate at which the HFO switches 
between the two tone frequencies fxHi and fe. Os- 
cillation continues until the supply voltage de- 
creases below the sustaining voltage (Vsus). At this 
point, the power supply current undergoes a step in- 
crease (from Isus), and then ramps down in accoar- 
dance with the supply voltage. 


In normal applications, Trigger in (pin 2) of the 
ML8204 is left open circuit. This pin allows external 


triggering of oscillation of the ML8204 at supply vol- 
tages in the range Vsus < Vs < Vsi. To do So, a vol- 
tage at least equal to the minimum trigger voltage 
(VtR) must be applied to pin 2. 


Triggering the device is accomplished by sourcing 
a minimum current (It) into pin 2. This current must 
be limited to prevent damage to the triggering cir- 
cuit. Tone ringer oscillation may also be inhibited at 
supply voltages in the range Vsi < Vs < Vs(max) by ap- 
plying a maximum disable voltage (Vpis) to pin 2. 
Disabling is accomplished by sinking a minimum 
current (Ipis) out of pin 2. (See Applications Section 
for details on the operation and use of the Trigger in 
pin). 

The ML8205 requires the connection of a resistor, 
Rs, to program the slope of its supply current ver- 
sus supply voltage characteristic prior to triggering 
(Vs < Vsi). This in turn determines the maximum sup- 
ply initiation current (lsi drawn at the initiation vol- 
tage (Vsi)). Programming is accomplished by 
connecting a slope determining resistor, Rs, bet- 
ween pin 2 and ground. The value of Isi varies inver- 
sely with the value of Rs. This feature can be used 
to control effective impedance presented to the te- 
lephone line by the ringer circuit. (See Applications 
section for detailed description on the operation and 
use of the Rs pin). 


The output amplifier of the ML8204/ML8205 is ca- 
pable of driving a wide range of load impedances 
when driven from a low source impedance power 
supply. When the device is powered from a tele- 
phone line, load impedance should be kept fairly 
high (800 or greater) to prevent power supply regu- 
lation problems. A transformer is thus required for 
driving loudspeakers as is an output coupling capa- 
citor. Piezo-ceramic transducers may be driven di- 
rectly. However, the tone frequencies fyi and fH2 
must normally be set higher (around 2 KHz) to en- 
sure that the transducer delivers sufficient acoustic 
power. (Suitable piezo-ceramic transducers typical- 
ly have maximum efficiency around 2 KHz). It is al- 
so necessary to connect a zener diode in parallel 
with the transducer to limit voltage surges genera- 
ted by the transducer during mechanical shocks. 
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Table 1. 


Ee 
a (a ane 


ML8204 - Oscillator External Trigger/Inhibit pin 
Trigger in 


(must be connected through a current limiting resistor when 
rr 


ML8205 - Initiation Current (Isi) Programmming Pin. (must 
a ee: connected) 


Low f Low Frequency Time Constant Adjustement Pins. 
Time Used to Set Frequency Oscillator Switches f1 (by 
Constant connection of appropriate resistor and capacitor. see fig. 3) 


ps5 | GND Negative Power Supply 


High f High Frequency Time Constant Adjustement Pins 
Time Used to Set Nominal Tone Output Frequency (fx1) (by 
Constant connection of appropriate resistor and capacitor. see fig. 3) 


Output Tone Output. (must be capacitively coupled for transformer 
P coupled or resistive loads) 


Figure 2 : ML8204/ML8205 Timing Diagram. 


EVENTS 


the fs 'H2 tH 


TRIGGER IN 
(NOTE 2) 


1. Isi varies with Rst on ML8205. 

2. Trigger in on ML8204 connected through current limiting resistor. 
A) Oscillation triggered by Vs > Vs. 

B) Oscillation maintained until Vs < Vsus. 

C) Oscillation triggered by trigger in high for Vsus < Vs < Vsi. 

D) Oscillation stopped by trigger in low for Vs = Vsus. 

E) Oscillation triggered by trigger in high, maintained until Vs < Vsus. 
F) Oscillation inhibited by trigger in low for Vs > Vs. 
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APPLICATIONS 


TYPICAL TELEPHONE OR EXTENSION TONE 
RINGER CIRCUIT 


The circuit shown in fig. 3 illustrates the use of the 
ML8204/8205 devices in a typical telephone or ex- 
tension tone ringer application. The a.c. ringing vol- 
tage appears across the TIP and RING inputs of the 
circuit and is attenuated by capacitor C1 and resis- 
tor Ri: Ci also provides isolation from d:c. voltages 
on the line. After full wave rectification by the diode 
bridge BRi, the waveform is filtered by capacitor C4 
to provide a d.c. supply for the tone ringer chip. As 
this voltage exceeds the initiation voltage, Vsi, oscil- 
lation starts. With the components shown, the out- 
put frequency chops between 512 Hz (fxHi) and 
640 Hz (fH2) at a 10 Hz (f_) rate. The loudspeaker 
load is coupled through a 1300 Q to 8 © transfor- 
mer. While the output impedance of the ML8204 is 
‘quite low, the load impedance must be kept fairly 
high. This is to prevent d.c. power supply regulation 
problems due to high source impedance of the te- 
lephone line and coupling components Ci and Ri. 
The output coupling capacitor Cs is required with 


Figure 3 : Typical Tone Ringer Circuit. 
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transformer coupled loads. The value shown 
(0.22 .F) presents a high enough impedance at the 
nominal ringing frequency to allow connection of 
fairly-low impedance loads without upsetting the 
supply regulation. If the load impedance is large en- 
ough, then the value of this capacitor can be increa- 
sed to couple more power to the load without upset- 
ting the power supply to the ML8204. Potentiome- 
ter P1, is used to adjust the audio amplitude and re- 
sistor Ra is a current limiting resistor. Resistor Rs is 
a quenching resistor used to limit back emf genera- 
‘ted by the inductive load when ringing stops. When 
driving a piezo-ceramic transducer type load, the 
coupling capacitor C5 is not required. However, a 
current limiting resistor is required as is a 29 V ze- 
ner diode in parallel with the transducer. This diode 
limits the voltage transients than can generated by 
mechanical shocking of a piezo-ceramic transdu- 
cer. The electrical characteristics shown in Table 2 
indicate typical performance of this circuit. The in- 
coming ringing voltage and frequency are determi- 
ned by the telephone system. 


ML8204 
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Output power 
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coupled load) 


USE OF TRIGGER IN (pin 2 ML8204) 


Pin 2 of the ML8204 may be used to a) externally 
trigger oscillation for voltages in the range Vsus < Vs 
< Vsi, or b) disable ringer operation. The equivalent 
circuit at pin 2 is shown in Fig. 5. The ringer circuit 
can only oscillate when Q; is conducting. Normally 
when supply voltage Vs exceeds the supply initia- 
tion voltage (Vsi), base current flows into Q4, via De 
and Di causing Q to conduct. This continues until 
Vs is taken below the minimum sustaining voltage 
(Vsus). 


The ML8204 can be made to oscillate when powe- 
red from supply voltages in the range Vsus < Vs S Vsi. 


Figure 4: Pin 2 Input Equivalent Circuit. 


ML8204 


Figure 5a : Enabling Oscillation of the ML8204 
for Supply Voltages less than Vs. 
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Oscillation is ensured by forcing a current ITR (10 HA 
< ItR < 1 mA) into pin 2 to provide base current to 
Q;. This requires the voltage applied to pin 2 to ex- 
ceed Vtr where Vrtr is the sum of the zener voltage 
of Ds, the forward voltage drop of D2 and the Vege of 
Q: (typically 11 V). The required current drive can 
be provided by connecting a resistor Re between | 
pin 7 and Vs (Fig. 5a) ; where : 20 KQ< Res (Vs - 
11)/10 MQ. To operate the ML8204 from a d.c. 12 
V supply, Re should be typically 50 K. This mode of 
operation can also be used to reduce the effective 
value of the Vsi, by inserting a zener diode in series 
with Re (fig. 5b). This modifies the initiating voltage 
to Vsi (E#) = VR + Ve + 10 Re (Re is in MQ). 


TRIGGER IN 
(PIN 2) 


Figure 5b : Reducing the Effective Value of Vsi 
for the ML8204 
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Oscillation of the ML8204 may be inhibited for vol- 
tages in the range Vsi < VS < Vs(max) by sinking the 
current from D1, starving Qi of base current. This is 
achieved by either a) grounding pin 2 (fig. 6a), or b) 
applying a voltage VinH via a resistor Ri to pin 2 
(fig. 6b) to ensure that : 
Vois - VINH 
1 


Figure 6: Inhibiting Oscillation of the ML8204. 


Vois 0.8 V, and Ipis = > 40 pA. 


ML8204 


Figure 7a : Gating the ML8204 from CMOS. 


RING “L" ‘ : 
INHIBIT "H MLB204 


When driven from a fixed d.c. supply, oscillation of 
the ML8204 may be gated on or off by CMOS or 
TTL logic as shown in Fig. 7a and Fig. 7b respecti- 
vely. 
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Figure 7b : Gating the ML8204 from TTL. 
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PROGRAMMING THE ML8205 INITIATION CUR- 
RENT 


Pin 2 of the ML8205 requires connection of an ex- 
ternal resistor Rst (fig. 8), which is used to program 
the slope of the supply current vs, supply voltage 
characteristic, and hence the supply current up to 
the initiation voltage (Vsi). This initiation voltage re- 
mains constant independent of Rs-. The supply ini- 
tiation current (Isi) varies inversely with Rs., decrea- 
sing for increasing values of resistance. Thus, in- 
creasing the value of Rest will decrease the amount 
of a.c. ringing current required to trigger the device, 
As such, longer subscriber loops are possible since 
less voltage is dropped per unit length of loop wire 
due to the lower current level. Rs_ can also be used 
to compensate for smaller a.c. line coupling capaci- 


Figure 8 : Adjusting Isi by Varying Rs. 
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Figure 9a : |-V Slope Change Due to Re. 
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tors (providing higher impedance) which can be 
used alter the ringer equivalence number of a tone 
ringer circuit. 


The graph in fig. 9a illustrates the variation of sup- 
ply current with supply voltage of the ML8205. Three 
curves are drawn to show the change in the slope 
of the I-V characteristic with Rs. Curve B (Rst = 
6.8 KQ) shows the I-V characteristic for the ML8204 
tone ringer. Curve A is a plot with Rs_ = 5.0 KQ and 
shows an increase in the current drawn up to the ini- 
tiation voltage Vsi. The I-V characteristic after initia- 
tion remains unchanged. Curve C illustrates the 
effect of increasing Rst to 13.0 KQ. Initiation current 
decreases but again current after trigging is unchan- 
ged. The variation of Isi, with Rest is illustrated in 
fig. 9b. 
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Figure 9b : Supply Initiation Current. (Isi) vs. Ret. 
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MITEL F.C.C. APPROVED TONE RINGER MO- 
DULE USING ML8205 ) 


The Mitel tone ringer module (CM3215) using the 
Mitel ML8205 tone ringer chip in the circuit below 
(fig. 10) has been approved by the F.C.C. (F.C.C. 
reg. number BN285B673550TN). The circuit has 
been given a ringer equivalence of 0.7 B. This ac- 
complished by increasing the value of Rst to 13 KQ 
which reduces the supply initiation current (Isi). This 
reduction in Isi allows the use of higher line coupling 
components (Ri = 8.2 KQ) while ensuring sufficient 
voltage drop between pins 1 and 5 of the ML8205 
for triggering. The 5.1 V zener diode D: presents a 
high impedance to low level signals on the tele- 


Figure 10: F.C.C. Approved Tone Ringer Circuit. 
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phone line while allowing tone ringer powering from 
high level rigging voltages. 


TRANSIENT OVERVOLTAGE TESTING OF THE 
ML8204 TONE RINGER 


The following tests were performed to investigate 


the ability of the ML8204 to withstand transients on 
its power supply rails. Alltests were performed using 
the circuit shown in fig. 11 with transient voltage 
pulses of the form shown in fig. 12. After each ap- 
plication of a transient pulse, functionality of the de- 
vice was checked by switching S1, Sz, and Sg to the 
configuration shown in fig. 11. 
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The device was tested in two ways by applying 
pulses : 1) directly into the ML8204 power supply 
pins, and 2) to the complete ringer circuit TIP and 
RING inputs. In the first case with Si in position "b", 
a series of pulses with magnitudes (V) from 30 V up- 
wards applied from the TF152 until the ML8204 fal- 
led to operate. This was repeated for 10 devices. 
The unloaded value of V at which the devices cea- 
sed to operate varied from 84 to 88 V (Vax). Subse- 
quently a number of devices were tested by applying 
70 V pulses to each device. Instability was noted in 
some devices after 100 pulse applications. All de- 
vices ceased to function after 172 to 203 pulse ap- 
plications. A further set of devices were tested with 
64 V pulses. All devices withstood 300 pulse appli- 
cations without any sign of degradation. In the se- 
cond test, with switches Se and Ss in position "b" 
and S; in position "a", 800 and 1500 V pulses were 
repeatedly applied to the TIP and RING inputs of the 


Figure 12: Typical Transient Tset Waveform. 
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circuit. No degradation of the devices’ operation was 
observed. ) 
SINGLE TONE OPERATION 
ML8204/ML8205 -_ 
The ML8204/ML8205 can be’ made to oscillate at 
one or the other of its output tone frequencies fHi or 
fH2. To do so, the tone frequency determining com- 
ponents are connected to pins 6 and 7 as normally 
done. Pin 3 is used as a control input: When pin 3 
is connected to Vs, the output (pin 6) will oscillate at 
the fH1 frequency. Conversely, when pin 3 is at 
ground, the output will oscillate at the fus frequency. 
The output can thus be switched between fi and 
fH2 externally by applying a control signal to pin 3. 
The low frequency oscillator may also be used se- 
parately by connecting the frequency determining 
components between pins 3:and 4 as normally 
done. The output is taken from pin 4. However, this 
is a fairly high impedance output. 
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TYPICAL APPLICATION CIRCUITS FOR USE 
WITH A PIEZO-ELECTRIC TRANSDUCER ~_ - 


Feedback from a piezo-electric transducer can 
Cause spurious oscillations on the output of a 
ML8204/5 tone ringer. These oscillations corrupt the 
normal two-tone output and change as the ringer 
‘switches off. 


The oscillations occur because the piezo electric 
transducer resonates atits characteristic frequency. 
If the resonant amplitude is sufficient to pull pin 8 
one bipolar threshold below pin 5 then the tone rin- 
ger may give a short spurious pulse. 


This effect can be eliminated by using a bypass ca- 
pacitor across the transducer as shown in fig. 14. 
The size of this capacitor is obviously dependent on 
the piezo-electric transducer used, but a value of 
0.1 AF is usually sufficient. 

It is possible under specific conditions for a 


ML8204/5 tone ringer with a piezo-electric load to 
continue oscillating after the ringing voltage stops. 


The ringer can be powered by the smoothing capa- 
citor which is across pins 1 and 5 (see fig. 14). This 
causes the device to switch off slowly and since the 
output frequencies shift by about a musical semi- 
tone before oscillation stops, the output can have an 
unpleasant tail-off. 


To eliminate this, a simple monitor can be used 
which switches the output off when ringing stops. 
fig. 16 shows a circuit which works with an ML8204. 
When ringing voltage is applied from the line, pin 2 
is held between 2 and 10 V and the device functions 
normally. When ringing stops, pin 2 is pulled to 
ground and the ML8204 switches off. 


There is no enable on the ML8205 corresponding 
to pin 2 on the ML8204. Fig. 16 shows a circuit which 
does not require the enable pin. The output is swit- 
ched through an NPN transistor instead. During rin- 
ging the base of the transistor is forward biased and 
the load is enabled. When ringing stops the transis- 
tor switches off and deactivates the load. 


Figure 14: Typical Application Circuit for Use with a Piezo-electric Transducer.. 


S = Piezo-electric transducer 
Other components same as figure 3 
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Figure 15 : ML 8204 Circuit to Eliminate Tail-off. 
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C6 =0.1 pF 

C7 =4.7 pF 

R6 = 51 KQ 

R7 =22 KQ 

S = Piezo-electric Transducer 
Other Components Same as fig. 3 


Figure 16 : ML8204/5 Circuit to eliminate Tail-off. 
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R6 = 51 KQ 

R7 = 22 KQ 

S = Piezo-electric Transducer 
Other Components Same as fig. 3 
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L3240 


“ELECTRONIC TWO-TONE RINGER 


a LOW CURRENT CONSUMPTION, IN ORDER 
TO ALLOW THE PARALLEL OPERATION OF 4 
DEVICES 

as INTEGRATED RECTIFIER BRIDGE WITH ZE- 
NER DIODES TO PROTECT AGAINST OVER- 
VOLTAGES 

a LITTLE EXTERNAL CIRCUITRY 

» TONE AND SWITCHING FREQUENCIES AD- 
JUSTABLE BY EXTERNAL COMPONENTS 

s INTEGRATED VOLTAGE AND CURRENT 
HYSTERESIS 

a» BRIDGE OUTPUT CONFIGURATION 


DESCRIPTION 


L3240 is a monolithic integrated circuit designed to © 


replace the mechanical bell in telephone sets, in 
connection with an electro acoustical converter. The 
device can drive either directly a piezo ceramic 
converter (buzzer) or a small loudspeaker. In this 
case atransformer is needed. The two tone frequen- 
cies generated are switched by an internal oscilla- 
tor in a fast sequence and made audible across out- 
put amplifiers in the transducer ; both tone frequen- 
cies and the switching frequency can be externally 
adjusted. 


The supply voltage is obtained from the AC ring si- 


PIN CONNECTION (top view) 


LINE 


GROUND 


SWEEP RATE 


CONTROL CAPACITOR Lf 3 


OUTPUT FREQUENCY | 
CONTROL RESISTOR 4 
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Minidip 


ORDER CODES : L3240B (Minidip) 
L3240D1 (SO-8) 


gnal and the circuit is designed so that noise on the 
line or variations of the ringing signal cannot affect 
the correct operation of the devices. 


The output bridge configuration allows to use a high 
impedance transducer with acoustical results much 
better than in a single ended configuration. 


The two outputs can also be connected inde- 
pendently to different converters or actua- 
tors (acoustical, opto, logic). 


LINE 


RECTIFIER 
CAPACITOR 


BUZZER. 


BUZZER 


1/4 


367 


89f 
v/2e 


iy 


SOMOULITTIOUTIO 
NOSWOHL'S9S 


TELEPHONE RECTIFIER ener 
LINE CAPACITOR BUZZER BUZZER 


RECTIFIER "CIRCUIT. cl a 
BRIDGE HYSTERESIS 
IN 

SUITCHING TONE 

FREQUENCY. FREQUENCY 
GENERATOR GENERATOR 

2 

@ @ @ 
GN 


TELEPHONE © D SUEEP RATE OUTFUT FREQUENCY 
LINE CONTROL CAPACITOR CONTROL RESISTOR 
NE9GL524G-81 | 


Oreel 


WVYSVIGd HOOT 


L3240 


ABSOLUTE MAXIMUM RATINGS 


TT 
mA 


THERMAL DATA 
Thermal Resistance Junction-ambient Max 100 


Figure 1 : Test Circuit. Figure 2 : Typical Application with Balanced 
Output. 
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Figure 3 : Application Compatible with LS1240 
(single ended output). 
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ELECTRICAL CHARACTERISTICS (Tamp = 25 CT ; V, = applied pene pins 7-2 ; 
otherwise specified) 


Subol|____Reremeter__{_Test Gonéivone _{_tn. | Tue. | Max { Unit 
i 


Current eaacie eithout Load Reseed = 16.5 to 29.5 V 18 
pins 8- all 


| Von | Activation Voltage ae ae 

A a eee os Sees Bie or ae 

a 
Condition (pins 8-1) 

| Vour | Output Voltage Swing | | 

pa cca nmwcnies. — facet a 


Voltage Drop a 
Pins 8-1 and Pins 7-2 
AC OPERATION 


Output Frequencies Vs=26V Ri =14KQ 
Fout 1 Vs, =0V 
Vs = 6 V 
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ELECTRONIC TWO - TONE RINGER 


» LOW CURRENT CONSUMPTION, IN ORDER 
TO ALLOW THE PARALLEL OPERATION OF 
4 DEVICES 

» INTEGRATED RECTIFIER BRIDGE WITH ZE- 
NER DIODES TO PROTECT AGAINST OVER- 
VOLTAGES 

a LITTLE EXTERNAL CIRCUITRY 

a TONE AND SWITCHING FREQUENCIES AD- 
JUSTABLE BY EXTERNAL COMPONENTS 

a» INTEGRATED VOLTAGE AND CURRENT 
HYSTERESIS 


DESCRIPTION 


LS1240 and LS1240A are monolithic integrated cir- 
cuits designed to replace the mechanical bell in te- 
lephone sets in connection with an electro-acousti- 


cal converter. Both devices can drive directly a pie- 


zoceramic converter (buzzer). 


The output current capability of LS1240A is higher . 


than LS1240. For driving a dynamic loudspeaker 
LS1240 needs a transformer, while LS1240A, 
needs a decoupling capacitor. 

No current limitation is provided on the output stage 
of LS1240A, so a minimum load DC of 50 Q is ad- 
viced. 

The two tone frequencies generated are switched 
by an internal oscillator in a fast sequence and made 
audible across an output amplifier in the loudspea- 
ker, both tone frequencies and the switching fre- 
quency can be externally adjusted. 


PIN CONNECTION (top view) 


LINE 


GROUND 


SWEEP RATE 
CONTROL CAPACITOR 


OUTPUT FREQUENCY 
CONTROL RESISTOR 


November 1988 


MINIDIP 


ORDER CODES : 


LS1240 LS1240D1 
LS1240A |LS1240AD1 


The supply voltage is obtained from the AC ring si- 
gnal and the circuit is designed so that noise on the 
line or variations of the ringing signal cannot affect 
correct operation of the device. 
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BLOCK DIAGRAM 


TELEPHONE RECTIFIER 
LINE CAPACITOR »C. BUZZER 
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| i 
RECTIFIER 


THRESHOLD 
CIRCUIT 


O 
BRIDGE HYSTERESIS 


SUITCHING TONE 
FREQUENCY FREQUENCY 
GENERATOR GENERATOR 


O) O 
TELEPHONE GND SWEEP RATE OUTPUT FREQUENCY 
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Figure 1 : Test Circuit. 
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ABSOLUTE MAXIMUM RATINGS 


[Symboll—SOSS~S~S rameter —SSSCS™S~dCSCSC~« tw *dYC 
T Vas | Caling Votage ('=50 Hz) Continuous 20d CV 
TVae | Calng Voltage (f=50 Hz) &s ONM0s OFF SiC 
[oc [sup curenn —S8 i 
[Top | Operating Temperate nwo 


THERMAL DATA 


Thermal Resistance Junction-ambient Max 


ELECTRICAL CHARACTERISTICS 
(Tamb = 25 °C; V, = applied between pins 7-2 unless otherwise specified) 


ae ae sa 
[ve | Supp Votage 


Current Consumption without Vs =9.3 to 25 V —_ 5 a 8 —" 
Load (pins 8-1) 
Activation Voltage LS1240 12.2 13.2 
LS1240A 12 13.5 
VoOFF Sustaining Voltage LS1240 
LS1240A 8 fy 3 
Differential Resistance in OFF 6.4 KQ 
Condition (pins 8-1) 
Output Voltage Swing an fee os ae 
lout Short Circuit LS1240 5 =20V Rt = 35 mA 
Current (pins 5-2) LS1240A Ri = i 5 70 mA 


AC OPERATION 


[Symbot | _Parameter__| Test Conditions | win. | Typ. [Max. | Unit 


Output Frequencies R; =14 KQ 
‘ foutt 1.74 2.14 
fout2 1 22 1 6 
fouiz? 
|__| Programming Resistor Range ea eT ca ae wee 
Sweep Frequency Ri=14KQ Cy = 100 nF 


3/4 
f SGS-THOMSON __—s_ Ci‘ CU 
S/ | a euueereceine 


LS1240/LS1240A 


Figure 2 : Typical Application for LS1240. 


Figure 3 : Typical Application for LS1240A. 
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“ELECTRONIC TWO - TONE RINGER 


a LOW CURRENT CONSUMPTION, IN ORDER 
TO ALLOW THE PARALLEL OPERATI ah OF A 
DEVICE 

» INTEGRATED RECTIFIER BRIDGE WITH: Ze: 
NER DIODES TO PROTECT AGAINST OVER 
VOLTAGES 

a LITTLE EXTERNAL CIRCUITRY - 

a TONE AND SWITCHING FREQUENCIES AD- 
JUSTABLE BY EXTERNAL COMPONENTS 

ms INTEGRATED VOLTAGE AND- eee 
HYSTERESIS 


DESCRIPTION 


LS1241 is a monolithic integrated circuit designed 
to replace the mechanical bell in telephone sets, in 
connection with an electro acoustical converter. The 
device can drive either directly a piezo ceramic 
converter (buzzer) or a small loudspeaker. In-this 
case atransformer is needed. The two tone frequen- 
cies generated are switched by an output amplifier 
in the loudspeaker ; both tone frequencies and the 
switching frequency can be externally adjusted, ” 


PIN CONNECTION (top view) 


LINE 


GROUND 


SWEEP RATE. 
CONTROL CAPA cITOR™ 


OUTPUT FREQUENCY + 
CONTROL RESISTOR © - 
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The supply voltage is obtained from the AC ring 
gnal and the circuit is designed to that noise on the 
line or variations of the ringing signal cannot affect 
correct operation of the device. 


MINIDIP 


ORDER CODE : $1241 (Minidip) 
LS1241D1 (SO-8u) 
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LS1241 


BLOCK DIAGRAM 


TELEPHONE RECTIFIER 
LINE CAPACITOR C. BUZZER 
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CIRCUIT 
WITH 
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LIN CONTROL CAPACITOR CONTROL RESISTOR 
N8ELS1248-81A 


Figure 1 : Test Circuit. 
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LS1241 


ABSOLUTE MAXIMUM RATINGS 


ata 


Calling Voltage (f = 50 Hz) Continuous 120 
Vims 


* See test circuit of figure 1. 


THERMAL DATA 


Thermal Resistance Junction-ambient Max 100 


ELECTRICAL CHARACTERISTICS 

(Tamb = 25 °C; V, = applied between pins 7-2 unless otherwise specified) 

| Symbol | _— Parameter |_—Ss Test Conditions __—| Min. | Typ. 
| Vs | Supplyvotage | CC 


Current Consumption without Vs =9 to 25 V 1.5 1.8 mA 
Load (pins 8-1) 


Vs 
| Vow | Activationvottage | id te | | 
Sustaining Voltage 


Differential Resistance in OFF 6.4 KQ 
Condition (pins 8-1) 
Output Voltage Swing ee Ge ee) ee 


AC OPERATION 


Symbol Test Conditions | Min. | Typ. | Max. | Unit | 
Output Frequencies V, =26 V R,; =14 KQ 
fo fout2 V3 = 6V 3 7 0.93 1.25 
= | | i us - 
fout2 4 
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THREE TONE RINGER 


a WIDE OUTPUT TONE SELECTION 

a» DIRECT DRIVE FOR PIEZOCERAMIC OR DY- 
NAMIC TRANSDUCERS 

=» BUILT IN BAND PASS FILTER (20 TO 60 Hz) 

=» LP CONTROL INPUT - 

» CMOS TECHNOLOGY 


/ (Plastic Package 0.25) 


ORDER CODE : M764A B1 


PIN CONNECTION 


DESCRIPTION 


The M764<A is a high performance electronic ringer 
suitable for application in standard and parallel 
connection telephones ; it can also be used as an 
alarm indicator. An incorporated bandpass filter pre- 
vents spurious ringing caused by transients and 
dialling pulses. Pin-selectable options permit three, 
two and single tone sequences. 


The output stage allows direct drive of both piezo- 
ceramic and dynamic transducers. The output tone 
level can be externally programmed to increase gra- seeaeels 
dually during the first three bursts. Output tone sta- 
bility and the bandpass filter corner frequencies are 
guaranteed by a crystal controlled oscillator. 


The M764A is available in 16 pin dual in-line plastic. 


OUT TONE 
ACTIVATION 
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ABSOLUTE MAXIMUM RATINGS 


symbol] Parameter | Value | Unit 
| mw _| 


Input Voltage — 0.3 to Vpp + 0.5 
| Prot _| Power Dissipation 400s mw 

Operating Temperature Range : 
Storage Temperature Range 


BLOCK DIAGRAM 


MAIN 455KHz YC TONE OUTPUT 
peesc Alea 4 ee OGIC STAGE 
ill ENABLE 
502 PRESCALER BUFFER 
: SWEEP AND 
Te) OSCILL. DECODER 


SI 


p LEVEL 
OSCILL eae SEQUENCE 


ENABLE COUNTER 
LOGIC SELECT 


TONE 
ACTIVATION 
LOGIC 


OUTPUT 
STAGE ENABLE 
CONTROL LOGIC 


BIT 
COMPAR. ENABLE 
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a 
; Vo =13V mA 
lo. Vpp = 15 V 
Vo =1V 


M764A 


ELECTRICAL CHARACTERISTICS (all parameters are tested at Tamp = 25 °C) 


| Symbol | Parameter | Test Conditions | Min. | Typ. | Max. | Unit | 


DC CHARACTERISTICS 


Supply 
| Von _| Voltage Supply | —“(‘“(CCd | UL TV 


| Vr | Power on/off Reset Threshold | | || | 

ail RM lk 
on/off Reset 

| loo _| Operating Supply Current | Voo=15V OE=1 | S| (0.75 | ma | 

| topo _| Stand-by Supply Current, = [Voo=15V | ST 0.5 | ma | 


Main Oscillator 


ee nee OE eee 
In Vi=OV | =O0V one ee Ee 
lo. Vor =1V +es0f | | 
Sweep Oscillator 


Sweep Oscillator Input lin Vin = 15 V VDD =15V aa ae Ess er 
In Vi =OV 


[seo | 
eso ff 


Control Pins 
EIN | Enable Input jg Vee Ton [aa 
FEN Filter Enable Input 
ODM Output Drive Mode Ir Vi =OV | [-o4] -4 | 
Output Sequence Selection lig Vin=15V 
pt Se “Tn | ie 
1 


Pins 


Frequency Input 
FRI Frequency Input 


In Vi =0V le ea ae 


hn Vin =4V | 4 | 20 | 40 | 
Vm (iit 


Output Enable 


* Input resistor of 1.5 KQ is active until Vrr of input inverter is reached. 
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ELECTRICAL CHARACTERISTIC (continued) 


2 ____ ee ee 


Tone — 


lon Vop = 15 V 
Vo=13 V 


is oe 
mA 


lo. Von = 15 V 10 
Vo =1 V 


WeRse Output 


* Input resistor of 1.5 KQ is active until Vrr of input inverter is reached. 


AC CHARACTERISTICS 


Main Oscillator 
tsm Start up Time 


Sweep Oscillator 


(*)R > 50kQ 
C> 100 pF 


FUNCTIONAL DESCRIPTION 


MAIN OSCILLATOR 


The main oscillator has been designed to be driven 
either by an external RC network or bya aceramic re- 
sonator (see fig. 1) : 


The accuracy of the output tones and of the band- 
pass filter characteristics are determined by the ac- 
curacy of the main oscillator frequency. 


The crystal guarantees good performance over the 
whole temperature range with no external trimmer. 
The main oscillator as well as the sweep oscillator 
are maintained in a stand-by condition or forced to 
run according to table 1.. 


SWEEP OSCILLATOR 


The sweep oscillator (fig. 2) controls the repetition 
rate of the output tone sequence. The output repe- 
tition period is given by 


Vpp =6 V 
fo = 455 KHz 


Re =1 MQ 
C; =Co = 100 pF 


Start up me Vpop =6 V 
f = 1140 to 11400 Hz (*) 


a 
Vo =13V aie 


lo. Vpp = 15 V 
Vo=1V 


al a 


ee 
ms 
See Tables 
1-2 


bk ee 


OUTPUT TONE ACTIVATION (pins FEN, EIN, 
FRI) 


The output stage is enabled by the signal OE (out- 
put enable) under control of pins FEN, EIN, FRI as 
shown in table 1, and fig. 3. 


Pin FEN and EIN are standard C-MOS inputs. 


Pin FRI has a pull-down resistor of approximately 
300 KQ. 


OUTPUT ENABLE (OE) 
The output enable pin (OE) can be used in special 


“application to drive a LED or any external circuit to 


indicate that an incoming ringing signal has been . 
detected by the tone ringer as in automatic respon- 
ders. 


OE timing diagrams are shown in table 1. 
The OE output stage configuration is shown in fig.4. 
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sweep oscill. 
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Figure 2. 


S 4384/2 
S- 4382/1 


BOdet2 1065 1333 800 1086 900 10661513 600 1066 800 


Y1=tsm  Y2= 25msMAX Y3 = n IDENTIFICATION TIME tir + tsm 


\ 


| 


Figure 4. 
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Table 1. . 


1 
to t1 


f 
0 | JUVUL 
- i 


TONE OUT 


{1 


13 | T2 
alee oe 
H ' 
1 


to t 
IF fmin <f <fmax 


r2 
} % : 
' t 

to t1 t1 to ta 


Y1 = tsm Y2= 25ms MAX 


TONE OUTPUTS (TO, TO) 


Two complementary outputs are provided to drive 
in a bridge configuration both piezoceramic and dy- 
namic transducers (see fig. 5). 


The configuration of the output buffer is shown in 
fig. 6. 


The output waveform is a square wave with 50 % 
duty cycle. 


%-4392)/1 


Y3 = n IDENTIFICATION TIME tir + tsm 


The generated tone level can be constant or can be 
gradually increased up to the max. level during the 
detection of the first three ring signals. 


This function has been implemented controlling the 
output voltage swing that can be Vpp for max. out- 
put level, 0.4 Vpp for the intermediate output level 
and 0.1 Vpp for the lowest output level. 
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OUTPUT DRIVE MODE (ODM) 


The output level is constant if this pin is a logical 0: 
it gradually increases to the max. level if this pin is 
a logical 1 : the sequence can take place if after the 
first ring signal during the ring tone pause period the 
‘supply does not fail below the power on reset thres- 
hold (5.5 V) and always starts from the lowest level. 


Figure 5. 


VOLUME 


Figure 6. 


M764A 


OUTPUT TONE SELECTION (B) 
Table 2. 


Output Tone Sequences and Frequencies 
fmax oscill. = 455 KHz 


. 800 
800 


1066 
1066 


1333 


PIEZOCERAMIC 
TRANSDUCER 
DRIVING 


S- 4377 


DYNAMIC 
TRANSDUCER 
.ORIVING 
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TYPICAL APPLICATIONS 


Figure a : Tone Ringer for Standard telephone Applications. 


$- 6388 


If pin EIN is connected to Vpp the ringer is activated three steps. 

by frequencies upper than 20 Hz. - The number of the output available tones and their 
- In both cases the volume potentiometer can be frequencies are controlled by ABC pins according 
avoided connecting the ODM to Vpp allowing the to table 2. 

gradually increase of the ringer volume in 


Figure b : Tone Ringer for Alarm,Buzzer or Ring Tone Detection in Centralized Equipments. 


FROM uP OR 
RING DETECTION 
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ANTI TAPPING APPLICATION, 
In the anti-tapping application an input current threshold is established. 


G7 SGS-THOMSON CC 
7 wcrosecTRowmes 
387 . 


kw, SGS-THOMSON 
7 wicrogLectromes 


ms ON-CHIP RECTIFIER BRIDGE AND TRAN- 
SIENT PROTECTION 

» DIRECT DRIVE OF PIEZOCERAMIC OR DY- 
NAMIC TRANSDUCERS 

» NOISE SUPPRESSION BY DIGITAL FRE- 
QUENCY FILTER AND LEVEL DETECTOR 

a USES LOW COST CERAMIC RESONATOR 
FOR MAIN OSCILLATOR 

m REPETITION RATE OF TONE SEQUENCE AD- 
JUSTABLE BY RC TIME CONSTANT 


DESCRIPTION 


The SAA1094 replaces the electromechanical tele- 
phone bell and calls the subscriber by a melodic 
tone sequence. It derives its power supply by recti- 
fying the ac ringing signal, requires only a minimum 
of additional components and is compatible with the 
conventional telephone network. 


PIN CONNECTION 


OPTION PIN 
FREQUENCY 


CONNECTION FOR 
CERAMIC 
RESONATOR 
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THREE-TONE RINGER 


ADVANCE DATA 


ORDER CODE : SAA1094-2 


14 || DIGITAL OUTPUT 


OPTION PIN 
OUTPUT 
PULSE WIDTH 


OUTPUT SOUND 
TRANSDUCER 


CONNECTION FOR 


9 1] FRC COMBINATION 


S - 9070 
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Figure 1 : Block Diagram. 


. 


PULSE PHASE 
FORMER iS ETECTOR oe | 
ae LEVEL DIGITAL 
DETECTOR OUTPUT 


aa Supply Current I5, 17 =+ 25 
Input Voltage V; Vss — 0.3 to Vpp + 0.3 


Output Current 111,112, 114 =+ 10 mA 


Vi 
Operating Ambient Temperature — 25 to + 60 
C 


Tstg Storage Temperature — 40 to + 125 ° 
Furthermore, the Conditions of Section 9 are Applicable 


Stresses in excess of thos listed unter "Absolute Maximum Ratings” may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at these or any other conditions in excess of those indicated in the 
operational sections of this specification is not implied. Exposure to absolute maximum rating condition for extended periods 
may affect device reliability. ‘ 


RECOMMENDED OPERATING CONDITIONS 


[Parameter S*d'CMns 
Clock Oscillator Frequency ia 
Power Supply (see functional description) Sg 


2/6 , 
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ELECTRICAL CHARACTERISTICS (at V6-4 = 10 V; f¢ = 455 KHz ; Tamb = 25 °C) 


Symbol 
15, 17 


fin 


Parameter 


a) Pin 1 unconnected 
b) Pin 1 connected to Pin 4 = Vss 
c) Pin 1 connected to Pin 6 = Vap 
dc Operation (see section 3) 


fin 


(test circuit - fig. 8) 
a) Pin 1 is unconnected 


On-resistance of Outputs : 


Pin 14, atlo. = 5 mA 
Pin 14, atloy =-5 MA 


fo4 Frequency of the Output Signal at Pin 11, Pin 12 
foo - 
fos 


Start-up Time of Clock Oscillator 


GENERAL DESCRIPTION 


The SAA1094 replaces the customary electrome- 
chanical telephone bell and calls the subscriber by 
a melodic tone sequence, using a small magnetic 
or piezo-ceramic sound transducer. The melody rin- 
ger circuit, together with its transducer is powered 
by the ringing current from the enge. This makes it 
compatible with the conventional telephone network 
and, in addition, no battery or mains connections are 
needed (fig. 2). It is also possible to apply a DC si- 
gnal instead of the AC ringing signal (fig. 3). As 
shown in fig. 2 and 3 the amount of additional com- 
ponents is reduced to a minimum. 


FUNCTIONAL DESCRIPTION OF THE 
TONE RINGER CIRCUIT 


POWER SUPPLY ~ 


The tone ringer circuit (fig. 2) derives the power re- 
quired for its operation from the ringing AC supplied 
by the exchange via linea a and b. Together with the 
loop resistance, the specified 1 pF isolating capaci- 
tor and a 2.2 kQ resistor is needed to ensure a mi- 
nimum impedance. 


The supplied alternating current is fed to pins 5 and 
7 of the tone ringer and is rectified by means of an 


Current Consumption, Outputs whithout Load 


Frequency range of the ac input current into pins 5 and 7 which 
gives an output signal at pins 11 and 12 ; (test circuit - fig. 7). 


Frequency ranges of the ac input current into pins 5 and 7 which 
do no produce output signals at pins 11 and 12 ; 


Pin 11, Pin 12, at lo, = 5 mA orlony =-—5 mA 


V6-4 Internal Supply Voltage Limitation at I5, 17 =10 mA 1 


Switching Levels of Voltage Level Detector : 
V6-4 ON | Turn-on Level 
V6-4 OFF] Turn-off Level 


23 

12 
wae 
| 15 


5 
6 
3 


integrated bridge circuit in the SAA1094. The recti- 
fied current charges the electrolytic capacitor at pin 
4 and 6. The direct voltage V 6-4 generated across 
this capacitor is the supply for the internal circuit. It 
mainly depends on the loop resistance and on the 
ringing frequency. Its maximum value is limited by 
an internal Zener diode to about 20 V. | 


CLOCK SIGNAL GENERATION 


The clock oscillator, integrated in the SAA1094 tone 
ringer Ic requires only an inexpensive ceramic reso- 
nator connected to pins 2 and 3, for example the 
455 KHz type Murata CSB 455E. The frequency of 
this oscillator is used to derive the three input tone 
frequencies and the clocks for the output frequency 
comparator. 


MONITORING THE INPUT RINGING 
FREQUENCY 


The frequency fin of the ringing AC supplied to the 
inputs pins 5 and 7 is monitored in the SAA1094 by 
a frequency comparator. The result of the frequen- | 
cy comparison is used as one criterion for activiting 
the tone generator (see section 4 for the other crite- 
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rion). The circuit generates output tones only if the 
input ringing signal is inside a specified frequency 
band. Three different modes can be selected by the 
option pin 7. 

a) Pin 1 unconnected : 


In this mode a frequency fin from 23 to 54 Hz will 
be accepted for producing the output tone se- 
quence. 


b) Pin 1 connected to pin 4 =0 


In this mode a frequency fin from 12 to 54 Hz will 
be accepted. Due to this option, the SAA1094 can 
also be employed in telephone systems having a 
ringing frequency below 20 Hz. 


c) Pin 1 connected to pin 6 = 1 


In this mode the result of the frequency comparison 
has no influence. A DC signal can be applied to the 
SAA1094 at pins 4 and 6 or pin 5 and 7 for produ- 
cing the output tone sequence. 


A digital noise suppression circuit in the SAA1094 
ensures that noise signals in the range from 0 Hz to 
20 KHz and with a maximum amplitude of 9 V RMS 
will not affect the correct function of the SAA1094 if 
the input ringing signal applied to the terminal a and 
b fig. 2 has an amplitude of 50 V RMS and a fre- 
quency in the range specified for producing an out- 
put signal. 


VOLTAGE LEVEL DETECTOR 


The voltage level V 6-4 is monitored in the SAA1094 
and used as another criterion for activiting the tone 
generator. The tone sequence will be started when 
V 6-4 increases to a level around 6 V. The tone se- 
quence will be ended when V 6-4 decays to a level 
around 3 V. 


TONE SEQUENCER 


The ringing signal produced by the SAA1094 is a 
sequence which is determined by the external RC 


network of the tone sequence oscillator and by the | 


ratio of the frequency divider. the relationship bet- 
ween repetition rate fr and oscillator frequency fos 
is: 

fos 


3-32 


_The repetition frequency can be adjusted from 
2.4 Hz +0.2 Hz to 25 H2+ 3.5 Hz using the connec- 
tion scheme of Fig. 4 and the following component 
values : 


fR= 


C = 4.7 nF 
R3=43 kW .- 
R4 = 0 to 600 kW 


The repetition frequency can be calculated using the 
formula: | 


6 
fr (Hz) = ee rn 
134.4-C-(20 + R) 
with C (nF) = capacitance between pins 8 and 9, 


R (KQ) = resitance between pins 8 and 10. 


The repetion frequency depends slightly on the sup- 
ply voltage V 6-4. The variation is ne of less than 
+4%per 1 V. 


TONE GENERATOR 


The ringing signal is a sequence of three tones. their 
frequencies are derived from the clock frequency at 
division rates of 560, 420 and 336. Depending of the 
clock frequency fc the tone frequencies are 


813 Hz, 1083 Hz, 1354 Hz for fc = 455 kHz or 
800 Hz, 1067 Hz, 1333 Hz for fc = 448 kHz 


This is a harmonic ratio of 3 : 4 : 5. the sequence 
will be started if two conditions are fulfilled : the in- 
put ringing signl fin has to be inside a specified fre- 
quency band and the supply voltage V 6-4 has to be 
increased to the turn-on level. The sequence always 
starts with the lowest tone. The sequence ends, if 
fin departs from the specified frequency band or if 
V 6-4 is lowered to the turn-off level. 


TONE OUTPUT 


The output amplifier of the SAA1094 tone ringer is 
a push pull bridge circuit. It supplies two square 
wave signals of opposite phase at pin 11 and pin 12. 
The high value of the signal equals the potential of 
pin 6 and the low value equals the potential of pin 4, 
ifno load is connected to the outputs. Optionally, the 
pulsewidth of the squarewave output signal can be ° 
limited to 0.2 ms internally, in order to save the com- 
ponents of an external limiting circuit containing a 
capacitor. The shorter pulse-width is of advantage 
in the case of an electromagnetic transducer being 
used which will operate with increased efficiency in 
this case. The connection of pin 13 determines the 
mode : when connected to pin 4, the pulsewidth is 
not affected. If pin 13 is left unconnected, the pulse- 
width will be 0.2 ms. The waveform of the current 
through the load is shown for both cases in Fig. 5. 


DIGITAL OUTPUT 


The digital output pin 14 can be used for connecting 
a supplementary load to the supply terminals pins 4 
and 6 when the tone generation is deactivated. Wi- 
thout the supplementary load the voltage V 6-4 may 
decrease significantly upon activation of the tone 
generation. : 
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The digital output is at the voltage level of pin 6 as 
long as the two conditions (fin and V 6-4) forthe tone 
generation are not fulfilled. A supplementary load 
current can then be drawn through an external re- 
sistor between pins 14 and 4. As soon as the condi- 
tions for the tone generation are fultilled, the digital 
output switches to the voltage level of pin 4. 


OVERLOAD PROTECTION 


The SAA1094 can withstand an alternating voltage 
of 110 V at a frequency of 50 Hz across terminals a 
and b fig. 2 for 15 seconds. 


The circuit will not be damaged by a transient volt- 
age test with the following test conditions : 


Voltage across the charge capacitor 2 kV 


Pulse tinming 10/700 us 
Pulse sequence 30s 
Number of transients 16 

Polarity change after 5 transients 
Test circuit Fig. 6 


Figure 3 : SAA1094 with Power Supplied by DC. 


SAA1094 


Figure 2 : SAA1094 with Power Supplied by the 
_ AC Ringing Signal.. 


455KHz 


Figure 4 : Circuit Connection Scheme for Repeti 
tion Frequency Adjustement Described 
in Section 5. 
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Figure 5a/5b : Diagram of Output Current through a Load.between Pins 11 and 12. 


a) pin 13 connected to pin 4 b) pin 13 not connected 


Figure 6: Circuit for Transient Voltage Test Figure 7 : Test Circuit which Activates the Output 


Described in Section 9. Signal Generator (see also frequency 
; specification). 


| |eoo.n TONE RINGER 
CIRCUIT 
OF FIG. 2 


TONE RINGER 
CIRCUIT 
OF FIG.2 


Figure 8 : Test Circuit which does not Activate the Output Signal Generator (see also frequency 
| specification). 


i 800 N fF TONE RINGER 
CIRCUIT 


OF FIG. 2 
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TELEPHONE RINGING DETECTOR 


AN AT & T PRODUCT PRELIMINARY DATA 


= MEETS BOTH TYPE A AND B RINGING RE- 
QUIREMENTS (40 Vrms < VIN < 150 Vrms, 
15 Hz < Fin $68 Hz 

= OPERATES ON LESS THAN 1 mA FROM THE 
TELEPHONE LOOP ; 

» INTERNAL POLARITY GUARD PROVIDES 
1500 V LIGHTNING SURGE PROTECTION 
WHEN CONNECTED AS IN FIG. 11 AND 12 

a IMMUNE TO ROTARY DIAL PULSING (BELL 
TAP) 


MINIDIP A 


ORDER CODE :LB 1006AB 


PIN CONNECTION 


MIRROR {J 3 


DESCRIPTION 


The LB1006 provides ringing detection functions 
from the Tip-ring pair of a telephone loop. This de- 
vice provides approximately 1 mA output current for 
two types of output drivers. The output can be 
connected to either an opto-isolator device or to a 
logic interface with a microprocessor. 
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Figure 1: Functional Diagram. 


FULL WAVE RECT. 
Zin VS. VIN 


SURGE PROTECTION 


& MAG. COMP. 
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PIN DESCRIPTION 
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REF. CURRENTS 


AND 
REF. VOLTAGES 


VBRIDGE 


BRIDGE LOADING 


CIRCUITRY (INTERNAL 


CONNECTIONS) 


RING 
DETECTED 


OUTPUT 


S 10706 


OUT H 
MIRROR 
OUTL 


Description 
AC Input Signal from Telephone Line 
AC Input Signal from Telephone Line 
Sources Current when ringing is detected 
Mirror Current from OUTH to Activate Pin OUTL 


Sinks Current when ringing is detected 


Internal Supply Voltage. This voltage is usually derived from the 
AC signal which is present on the Tip-ring pair. This pin must 
have a 10 uF capacitor to common for energy storage and 
«smoothing» purposes. For «stand alone application», an external 
voltage may be used to bias this pin. 


SGS-THOMSON 
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ABSOLUTE MAXIMUN RATINGS 


Symbol 
Supply Voltage (ref to GND) 
OUTH | Supply Voltage (ref to GND) 

2.0 


OUTL | Supply Voltage (ref to GND) 
Voltage (tip-ring) 
| lo _| Operating Current (tip-ring) 


Mirror Current a ee 
| = | Pin Temperature (soldering 15sec) | 800 | 
Ee a ee 


. 
° e e ° e . 


Power Dissipation (package limitation) 


Stresses in excess of those listed under "Absolute Maximum Ratings” may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at these or any other conditions in excess of those indicated in the 
operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods 
may affect device reliability. ; 


ELECTRICAL CHARACTERISTICS (at 25 °C unless otherwise specified) 


[Parameter | Test Conditions | win. | Typ. | Max. [| uni | 
aes | 900 | 


3 

3 
| 30.4 | 
[soo [ to4o | 
| = | 1400 _ 


1245 | 1400 


OUTL Current Vrip =V* =15V (see fig. 4 


) 
ImiRRoR = 1.0 mA, 


OUTH Current Vip =Vt =15V _(see fig. 5) 
Tip Current, No Load Viip-ninc =20V _(see fig. 7) 1.410 ‘ 
m 
Ring Current, No Load Vtip-RING =— 20 V_ (see fig. 7) 
Input Threshold Voltage, Tip-ring Vt=10V (see fig. 6) | 60 | 72 | 80 | 
inp 220 mA (see fig. 9) 
Clamp Voltage Itp =— 20 mA (see fig. 9) | — 22.5 | — 25.5 | -30 | V 
Irp = 100 mA (see fig.9)| - | 36 | 55 | 


Itp =-100mA _ (see fig. 9) 
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- TEST CIRCUITS 
Figure 2. 


6 5 
V+ OUTM 


OUT H MIRROR 
2 3 4 
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| Figure 4. 


V+ 


RP OUT HMIRROR 
1 2 3 4 


S- 10710 


Figure 3. 


ivP or IRP —» 


7 6 5 
COM V+ OUTM 


OUT H MIRROR 
2 3 4 


S-10709 


Figure 5. 


RP OUT H MIRROR 
2 3 
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Figure 6 


INPUT THRESHOLD VOLTAGE 


RP OUT HMIRROR 
3 


S-10712 


Figure 8 


MIRROR CURRENT 


ae oa 
COM V+ OUTL 
Tuiaron 


RP OUT HMIRROR 
1 2 3 4 


S-10714 


APPLICATION 


- The LB1006 detector derives its power by rectifying 


the AC ringing signal from the Tip-Ring pair of a te- 
lephone loop. It operates over widely varying wave- 
forms (15 to 68 Hz at 40 to 150 Vrms). It uses this 
derived power to activate ringing detector logic, and 
then transfers most of this power to an output cur- 
rent driver. There is essentially no loading under 
non-ringing conditions. This device has two outputs, 
OUTH and OUTL. The OUTH output is used to 
source output current when ringing is detected. The 


LB1006 


Figure 7 


RP OUT H MIRROR 
1 2 3 


Figure 9 


7 6 5 
COM V+ OUTM 


OUT H MIRROR 
2 3 4 


OUTL output will sink output current when the 
OUTH output is connected to the mirror input and 
when ringing is detected (see application diagram 
figure 11 and 12). The device does not have to de- 
pend upon power derived from the Tip-Ring inputs 
to become operational. Connecting an external vol- 
tage source to V+ will also allow the device to ope- 
rate in what is described as "Stand Alone Applica- 
tions”. 
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Figure 10 : Simplified Output Diagram. 


TIP o—_} 


0.56 7F 


COMMON 


OUT H MIRROR BLANK 
2 3 4 


lout = 900 ,A —» 


NOMINAL 
S- 10717 


Figure 11 : Typical Application for Opto-isolator Drive. 
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PTO-ISOLATOR 


RINGING 
DETECTED 
OUTPUT 


Figure 12 : Typical Application for Interface Direct to Logic. 
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MONITOR AMPLIFIER AND RINGER 


LOUDSPEAKER AMPLIFIER 

a ANTI-ACOUSTIC FEEDBACK (antilarsen) 

s ANTIDISTORSION BY AUTOMATIC GAIN 
ADAPTATION 

» PROGRAMMABLE GAIN IN STEPS OF 6dB OR 
LINEARLY 

n ON/OFF POSITION 

uw LOW VOLTAGE 

» POWER: 100 mW AT 5 V 

RINGER 

a SWITCHING REGULATOR TO TRANSFORM 
HIGH INTO LOW VOLTAGE IN RING MODE 

a MICROCOMPUTER SUPPLY WITH RESET, 
HALT AND RING DETECTION SIGNAL 

=» TUNE GENERATION BY MCU AND RINGING 
BY LOUDSPEAKER 


DESCRIPTION 
TEA7031 is a 28-pin DIL integrated circuit providing ORDER CODES : TEA7031DP (DIP28) 
the following facilities : TEA7031FP (SO-28) 


_ Loudspeaker amplifier 
. Anti-acoustic feed-back system (anti-Larsen 


system) These facilities are generally electrically separated ; 
. Microprocessor supply and control hence selective use of the functions provided is 
~ Switching regulator control possible. 


PIN CONNECTION (top view) 


ON/OFF 
PG 1 
PG 8 
GND 3 
LS 2 


UREF 


wo onnYYwi em W NY » 


LS 1 
INRG 
HALT 
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EARPHONE = LOUDSPEAKER AMPLIFIER 


INPUT 
xt_ fate! 
POWER SUPPL Y 
IN RING MODE 
TO TO 


RINGING 
SUPPLY INPUT ROS MCU SUPPLY MCU MCU 


INPUT Ri4 
INPUT 


R8 


ON/OFF 


GAIN ADJ | 
GAIN ADJ 2 


SUPPLY 


R12 


too 


C13 
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PIN DESCRIPTION 


Description - 
Base Drive to External Transistor of the Switchmode Power Supply 
Switchmode Power Supply Regulation Input 
3.5 V Reference Voltage to Switchmode Power Supply 
Adjust VZ1 
Adjust VLS 
Ground 
7 Gain Control Filter 
Supply Voltage 
Microphone Input 1 
Microphone Input 2 
ntilarsen Filter 1 
ntilarsen Filter 2 
arphone Input 
icroprocessor Supply Voltage, Internally Zener Stabilized (3.3 V) 


=e ps 
(oo) 


G 
> 


= 


5 
3 | 
Blo 
| 


G) 
Zz 
1) 
ie) 
— | ow | oe | oe | 
NO} oO | O1 
=x 
12) 
Cc 
a 
QO. 


round 


Q) 


ain Level Programming 


oudspeaker ON/OFF 
Ring Signal Indication 


Rectified Ring Signal Input 


ABSOLUTE MAXIMUM RATINGS 


[Symbol | ——~Saramnetor——SSSSSCSCS~dCSCSS awe iC 
SS 
Tus [supply curet—SSSSC~—S—s—‘iSSSCtS 
Pio: | Power Dissipation SSCS 
Vaup | Microprocessor Shon Regulator Votage ——=~SCSC~SiS 
[ize | Microprocessor Shor Regulator Curent ——=—SSCS~C<C*~‘~—sCS*dCm 


G) 
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ELECTRICAL CHARACTERISTIC (Tamp = 25 °C unless otherwise specified) 


/Symbot| ____Ferameter_|__Test Condiione _{_win. | Typ. 
Shunt Voltage Regulator fus=2mA_ | 265 | 28 
Tus =30mA_——~+| ar | ee | 
ae ae Ee 
[taco oft | 


Voltage Pin 1 Its =2 mA to 30 mA 


lacc oft | Gain Control Current ILs =30 MA (fig. 1) eee ea 
Ms=26Vifig2) | | -4 |-25 | 
Loudspeaker Amplifier f = 300 Hz 
Vout = 0.8 Vrms (fig. 3) 
y rend [Ves [vie 


V22 — V20 
GAIN = << 
Via ON/OFF] Poo | Pa | | | | 
Grinc | Ringing Gain . 
GAIN = ¥22— Veo Peo | Pas 
, oe GND 
2 fare ws 


Distortion 


GND Ms | 18 | 20 | 22 | 0B | 
| dB 
ere 


Tend [ vis | vis | 30 | 32 | 04 | oB | 
Zmicin | Microphone Input tai (pins 9 - 10) 
Asymmetrical (pin 10) 
Earphone Input 
Ringing Input 


IpGo Input Current ON State 
Ipat 
lON/OFF 


oe | 
ok ol thy 
oie ie) 


| nah 
ho | © o1 


ILs =30 mA (fig. 3) 
Vo1'=Ve5 = Vag = GND 


Input Current OFF State ILs = 30 mA (fig. 3) 


Vo1 =V25 =Vo26 = Vis 


Ipco 
Ipai 
lON/OFF 


G mic Microphone Gain =_¥11 ILs = 30 MA (fig. 5) 18 
(Vo — Vio) 


(V22 — Vao) ILs =30 mA (fig. 6) 
13 Vi3 =20 mVams 
Vi2=0.3 Voc 

Vi2 =0.6 Voc 


Antilarsen Control = 
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ELECTRICAL CHARACTERISTIC (continued) 


[Symbol] Parameter | Test Conditions | win [Typ [Max | unit 


MICROCOMPUTER SUPPLY SECTION 
| Vzwer | Supply Voltage | Ize =3mA(fig.9) |_| 33 | 36 | Vv 
rare [Tt 

(fig. 10) 

IRESET Vi7 =0V3 Via = Ven er 
IMALT Vie=OV3Vig=Vzwer | | tts 
Vie=OViVie=0.8Vzwer | [-150|~75 | yA 
sa _| Maximum input Votage _| vest mA(fg.7) _} a2 | _{ _| v | 


Voltage Reference Vst =22V;Vis =2,8V ~ 3,2 3,5 3,8 
(fig. 7) 


Ispnon | PNP Base ON mA 
Ispnorr | PNP Base OFF 
1 LA 
Vz1 abu | Adjust VZ1 Vig =OV;V2o =4V 
(fig. 8) 
Ipson | Ring Detection ON Vig =3.5 V (fig. 8) 14 Hs 
Ips orr | Ring Detection OFF Vi4 =0.8 X vEnee (fig. 8) 


Figure 1 : Test VLS, VREF, | AGC, V (5 
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Figure 2 : Test Power Supply - ILS - | AGC. 


“TOTO |/ alow] oly 


8 
9 


Figure 3 : Test Loudspeaker Amplifier - Gain - Distortion - ILS. 
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Figure 4 : Test Amplifier. 
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Figure 5 : Test Antiacoustic System Efficiency. 
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Figure 6 : Test Antiacoustic System Efficiency. 


PG 1 
PGO 
GND3 


+p 


100 LF 


vst 

DS 

ON OFF 
PG 1 
PGO 


GND3 
LS2 
VREF 
LS1 
INRG 
HALT 
RESET 
GND2 
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Figure 8 : Test Power Supply in Ring Mode - VB + MAX. . 


CIRCUIT DESCRIPTION 1.1 LOUDSPEAKER AMPLIFIER 
TEA7031 is a 28-pin DIL integrated circuit providing The amplifier is divided into 3 main sections : 
the following facilities : a) Automatic Gain Control (AGC) 
- Loudspeaker amplifier b) Preamplifier 
z aa feed-back system (anti-Larsen c) Push-pull amplifier (bridge structure). 
system : 


- Microprocessor supply and control 
- Switching regulator control 


These facilities are generally electrically separated ; 
hence selective use of the functions provided is pos- 
sible. 


Figure 9 : Loudspeaker Amplifier. 


EARPHONE INPUT 


RINGING INPUT 


25 
GAIN ADI 1 
24 
GAIN ADJ @ 
26 
MEBTEAZAI1 -G2 DN/OFF 
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a) The AGC section is used for the anti-Larsen and 
anti-distortion system. 

. When used in a telephone set to avoid Lar- 
sen effect the AGC automatically decreases 
loudspeaker amplifier gain. 

. When the required output level exceeds the 
capabilities of the available current, the AGC 
decreases the loudspeaker amplifier gain to 
avoid distorsion. 


Figure 10 : Output Stage. 


b) The preamplifier permits step control of amplifier 
gain in steps of 6 dB, using pins GAIN ADJ 1 and 2, 
which may be controlled using switches or by a 
microprocessor. 

The amplifier may be muted using the ON/OFF 
control signal (pin 26). 

c) The output amplifier uses a double push-pull 
configuration (H bridge) to get maximum dynamic 
range under limited supply conditions. 


Amplifier DC Supply. 

In transmission mode, the supply voltage is control- 
led by the internal shunt DC regulator. For this rea- 
son, the TEA7031 should be supplied from a current 


source (see : Supply considerations). 

An anti-distortion system is embodied which pro- 
vides AGC control to avoid loudspeaker distortion 
under current-limited conditions. 


Vee {Gy SGS-THOMSON 
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Figure 11. 


Circuit action. = This switching action accomodates normal speech 
When the supply voltage is unsufficient, the voltage Characteristics under low supply conditions. 


at pin 5, falls below the reference voltage 1.1 V, re- 
sulting in transistor (TR) being switched off, resul- 1.2 . ANTIACOUSTIC FEEDBACK SYSTEM 


ting in zero current flow in resistor R. This state en- (antilarsen system). 

ables the gain control system. Under these condi- The purpose of this system is to control AGC action, 
tions, the shunt DC supply will switch at a rate de- in order to avoid acoustic feedback between the 
termined by the time constant of the RC network on loudspeaker and the microphone, when used in a 
pin 7. telephone set. 

Figure 12. 


LARSEN EFFECT 


Principle of Operation. To extract the Larsen component, the microphone 
When examining, the spectral density of the voice signal is first filtered by a second order filter (formed 
area and the Larsen area, it may be seen that the by two first order filters), then amplified and rectified 


dominant features of each exist in different frequen- in order to produce the AGC control signal. 
cy bands. ; 
< 
G7 SGS-THOMSON 
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Figure 13. 


MAX VOICE LARSEN AREA 


DENSITY 


FILTER 


Figure 14. 


Vpin 11 ; 1 1 1 
iac= ———__ with 93 ——— = — + ——— 
Zpin 11 Zpin 11 R6 RE. 1 
Cdja 
iac (RMS) .2 V 
VDC pin 12 = eve R7 
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The first filter is generated by the capacitors on pins 9 and 10 and the input resistor Rin ; the second filter 
by the RC network on pin 11. 


Figure 15. 


¢ Filter on pins 9-10: 


C9 +C10 


2 = on ZinC9.C10 


¢ Filteron pin 11: 


1 
On (R6 + R5) C5 


1 


2R5C5 
¢ Anti-Larsen system filter response. 


Bt 


| 
| | 
6 aB/OCTAVE 
| | 
{ | 
| 
| 


fi = 


: JOCTAVE 


: {2 = 
| 
| 
| 


| 
ee OCTAVE 


{3 
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| 
| 
| 
| 
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¢ Theoretical result. 


lf f2 = £3 the anti-Larsen system filter is equivalent 
to a second order filter. 


{2 =f3 
C9 + C10 1 


2n.Zim.C9.C1i0 $2nR5C5 


12uB OCTAVE 
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A complete telephone set has two anti-Larsen sys- . oneinthe loudspeaker amplifier (for example: 
tems : ; TEA7031). ; 
- one in the transmission circuit (for example: - Together these form a high efficiency anti-Larsen 
TEA7050) antisidetone network ; — system. 
Figure 16. 


TEA3046 


ANTISIOE TONE SYSTEM 
- 20 dB 
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1.3 . MICROPROCESSOR CONTROL. - aregulated supply. 


TEA7031 provides the following signals for an as- 
sociated microprocessor : 


3.2 V but can be adjusted via pin 15. 
- halt and reset signal, Pa ; - 


Figure 17. 


\ 


MCU SUPPLY 


MCU SUPPLY 


MCU SUPPLY 


MS. 


2kQ<a< 8 kQ. 


Note : Reset and Halt outputs, which are open collector outputs, require external resistors to zero volt. 


- sO 
AY] fitzousernomes 


The MCU shunt supply voltage is internally fixed at 
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1.4. SWITCHING CONVERTER. supply has to be converted to a low voltage (~ 3.5 V) 
and higher current (15 — 20 mA), using a switching 


Under ringing conditions the line supply available converter. 


has a high voltage (~ 22 V), low current (~ 6 mA) 
characteristic. In order to be used by the 1.C., this 


Figure 18. 


Transistor T1 is switched either ON/OFF via pin 1 in D2 provides a return current path for L1. 
accordance with the result of acomparison between Under speech conditions, the switching converter 
an internal reference voltage and the |.C. supply _—s+has to be isolated from the main supply VLS by D1, 
voltage (pin 2). When transistor T1 is off, the diode to prevent reverse current. 
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Figure 19. 


| a ; 
TEA7031 
| 
! (BASE T1) 


“| | 
(DIODE D2)! 
| 


Internal conditions during switching converter ope- . the Earphone input is OFF and ringing input 
ration : is ON. 
. the internal zener diodes VLS, MCU supply Note : For better converter efficiency, it is advisable to use 
are automatically disconnected, schottky diodes for D1 and D2. 


SWITCHING POWER SUPPLY EFFICIENCY. 
Contribution of external components 


Figure 20. 
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EQUIVALENT DRAWING : 


a = Duty cycle tr = 2 
Efficiency calculation hypotheses : T 
~ low average output current . Be careful that resonance frequency of L.Cea 
. RL_.C2>T.T = switching period must be lower than switching frequency. 
Figure 21. : 


FORWARD 
CURRENT 


PNP 
COLLECTOR 
CURRENT 


0 


‘INDUCTOR 
CURRENT 
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If Po = load output power 
Pe = input power 
If Ppo = dissipated power in D2 and L 


Ppe = dissipated power in Q1 and D1 
Po = Pe — Ppo — Ppe 
5a ; Po Ppo + Ppe 

The efficiency is o = os 1 Pe 
Dissipated power in D2 and L 

Ppo. (Vp2+1ro.lom) . lom (1 —Tr) 

Vp2 = forward voltage of D2 
Dissipated power in Q1 and D1 

Ppe = (Vp1 + Vcesi) . lom. tr 

Vp1 = forward voltage of D1 
Vcesi = Saturation voltage (at Ic = lom) of Q1 


Relation between o andtr _ 


ae Vo | Aisi ae 
Vi e Vo, lou =0-lom Vi - Tr 
Vo _ Vi-—(Vpb1 + Vces1) + Vo2+ro-lom 
VM! Vo + Vp2+1ro- lom 


2. PIN FUNCTIONS 


PIN 1: SWITCHING CONVERTER DRIVE 
OUTPUT : 


Base drive output for the external PNP switching 
transistor in the switching converter. This switching 
transistor should have the following characteristics : 


VceEo > 30 V ; Ic > 200 MA ; Gmin> 100 ; fr= 1 MHz. 


PIN 2 : SWITCHMODE POWER SUPPLY 
REGULATION INPUT : 


This input provides the voltage sensing feedback in- 
put to the switching converter. 


PIN 3 : VZ1 : REF. VOLTAGE TO SWITCHING 
CONVERTER COMPARATOR : 


With pin 4 open circuit, VZ1 is internally stabilized 
at 3.5 V. : 


PIN 4 : ADJUST VZ1 : 


This pinis used to adjust the switching converter po- 
wer supply reference voltage. 


PIN 5 : ADJUST VLS: 
This pin is used to adjust the I.C. supply voltage. 


PINS 6 - 16 -23 : GROUND: 
These pins have to be connected together. 


| &i SGS-THOMSON 


TEA7031 


PIN 7 : AUTOMATIC GAIN CONTROL FILTER : 


The anti-distortion system response is adjusted by 
the RC network on this pin. : 


PIN 8 : CIRCUIT SUPPLY VOLTAGE : 


With pin 5 open circuit, VLS is internally stabilized 
at 2.8 V. 


When the TEA7031 is under AGC control, the vol- 
tage on this pin varies slightly (due to AGC action). 


PIN 9/10 : MICROPHONE INPUTS : 
These are used for anti-Larsen control. 


PIN 11 : ANTI-LARSEN FILTER 1 


The second filter of the anti-Larsen system (1 st fil- 
ter : pins 9-10) is formed by the RC network R5C5. 
In order to obtain a second order filter for the anti- 
Larsen system, the cut-off frequency defined at this 
pin, should be the same as that’chosen for the first 
filter. 


For correct TEA7031 operation R6 and R5 should 
be fixed at 10 kQ and 1 kQ respectively. 


PIN 12: ANTI-LARSEN FILTER 2 : 


The gain and the response of the anti-Larsen sys- 
tem can be adjusted respectively by the resistor and 
the capacitor on this pin, according to the acoustic 
characteristics of the telephone set. 


The value of the resistor should not exceed 390 ka. 
When the voltage on this pin exceeds the threshold 
voltage of 0.4 V, the AGC system is enable. 


PIN 13 : EARPHONE INPUT. 


Input for loudspeaker signal. This input is only ac- 
tive in transmission mode, but not in ringing mode ; 
in ringing mode, input pin 19 should be used for am- 
plification of ringing tones. In transmission mode no 
signal should applied on pin 19, for a proper working 
of the I.C. 


PIN 14 : MICROPROCESSOR SUPPLY 
VOLTAGE. 


With pin 15, open circuit, MCU supply is internally 
stabilized at 3.3 V, and is available for microproces- 
sor supply purposes. 


PIN 15 : MCU SUPPLY ADJUST. 


This pin is used to adjust the microprocessor sup- 
ply voltage. 
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PIN 17 : MICROPROCESSOR RESET OUTPUT. 


‘. This output is an open collector output which deli- 
vers a reset signal for a microprocessor. 


PIN 18 : MICROPROCESSOR HALT OUTPUT. 


This output is an open collector output with delivers 
a halt signal for a microprocessor. 


PIN 19 : SQUARE WAVE RINGING MELODY 
SIGNAL INPUT. 


Input for loudspeaker signal. 


This input is only active in ringing mode (when sup- 
plied by the switching supply). In transmission mode 
(when supplied by the shunt DC supply), input 13 
should be used and no signal should be applied on 
pin 19. In ringing mode, it could be used, for exam- 
ple, to generate the microprocessor melody. 


PINS 20-22 : LOUDSPEAKER OUTPUTS. 


Outputs to be connected to a 50 Q impedance 
loudspeaker. 

Output voltage : Vpp = 2 VLS — 2.5 Volts (with a gain 
of 32 dB). 
Maximum current : depending of the supply voltage. 


PIN 21 = Vret : INTERNAL REFERENCE. 


Output which provides an internally regulated refe- 
rence voltage. 
Vref: 1.1 V typical. 


Maximum available current : 5 A. 


PINS 24-25 : GAIN ADJUSTMENT INPUTS. 


These pins are used to adjust the loudspeaker am- _ 
plifier gain. Four steps of 6 dB/step are available 
(pin open circuit = high level). 


GAIN ADJUSTEMENT INPUTS 


om 
sae 


GAIN | GAIN 
ADJ 0 | ADJ 1 


Gmax — 12 dB 


ep a8 


Gmax 
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PIN 26 : LOUDSPEAKER MUTING. 


This pin is used to mute the loudspeaker. Pin open- 
circuit = high level = loudspeaker muted. Pin low le- 
vel = loudspeaker enabled. 


PIN 27 : RING SIGNAL INDICATION. 


This NPN open collector output provides ready sta- 
tus when in ringing condition. 


DS is ON (low-level) when the switching converter 


3. SUPPLY CONSIDERATIONS 
3.1 . SWITCHING SUPPLY LAY-OUT. 


TEA7031 


is established in the running state and when the 
microprocessor supplies are stabilized. The DS si- 
gnal is validated by "Halt". 


It may be used to cause an associated micro- 
processor to generate the ringing tones. 


PIN 28 : RECTIFIED RING SIGNAL INPUT. 
High voltage input for the switching converter. 
Maximum voltage : 22 V. 


To avoid switching-noise, C2, C3, D2 should be tied together as close as possible. 


Figure 23. 


3.2 . TEA7031 SUPPLY. 


As the I.C. has a zener characteristic, it should be 
supplied by a current source. 
Constant voltage supply : 


The TEA7031 can be supplied by an external 
constant voltage on condition : 


ky SGS-THOMSON 


MINIMUM AREA 


STAR GROUND 


To set the zener voltages at a level higher than the 
supply voltage. 


To tie the automatic gain control pin (pin 7) to the 
ground (otherwise the |.C. will always be in AGC 
mode). 


Note : The maximum loudspeaker level is depending of the 
supply voltage. 
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Figure 24 : Typical Application. 
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Neue na cra [> 


R8 
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GAIN ADJ 2 


Bi 


v23 
py P CONTROL 
SUPPLY 


Rib Rita SUPPLY 


fie 


POWER SUPPLY 
IN RING MODE 


R12 


C13 
TO 


TO 
SUPPLY INPUT RDS ce MCU MCU 


LIST OF COMPONENTS 
RESISTORS : 


Ri :22kQ : 
R3 : > 470 kQ 


DIODES : 


D1 : BAT43 
D3 : BAT43 


D2 : BAT43 
D4: 1N4004 


R5 :1kQ 
R7 :330kQ 
RQ : (5 kQ) 
Rii: 
R13 : 100 kQ 


CAPACITORS : 
> 22 pF 
:10 nF/35 V 
:68 nF 
:470 nF 
733 nF 
C11: 33 pF/10V 
C13: 33 pF/A0V 
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>10 kQ 
21kO/1 W 
> 100 kQ 
> 100 kQ 
47kQ 


: 220 F/10 V 
> 10 pF/10 V 
> 220 nF 

> 1 pF/250 V 
233 nF 

> 22 uF 

> 1.5 nF 


D5 : 1N4004 
D7 : 1N4748-BZX 85C (22 V) 


INDUCTOR : 
L1:470H -680 H 


TRANSISTOR : 
Ti : BOW93 - BCW92 
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MONITOR AMPLIFIER 


» PROGRAMMABLE GAIN IN STEPS OF 6dB OR 
LINEARLY 

a ON/OFF POSITION 

a LOW VOLTAGE 

es POWER : 100mW AT 5V 


DESCRIPTION 
This 16 pins IC is designed for monitor (loudspea- 


Ker Wiepnone ane Provides - ORDER CODES : TEA7531DP (DIP16) 
a) Signal amplification for monitoring (loudspeaker) TEA7531FP (SO-16J) 


. b) Antiacoustic feedback (antilarsen) 
__ ¢) Antidistortion by automatic gain adaptation 


PIN CONNECTION (top view) 


ON/OFF 
PG1 
PGB 
GND 


LS2 
Uret 
LS1 
INP 


MN&STEACSI1-@1 
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BLOCK DIAGRAM 


226UF 


28 to36mA 


lL t\ 
NAY, 


BBENnF R4 226Ka 
Za 


MIC2 


EARPHONE 
C6 


INPUT 
SIGNAL 
ON/OFF / PGa 


l | NE9TEAZSI1-@2 


LEVEL CONTROL 


ABSOLUTE MAXIMUM RATINGS 
Parameter 


Temperature Range 


Supply Voltage 


Supply Current for T > 300ms 90 
for T < 300ms 150 
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PIN DESCRIPTION 


- ADS 


6 
8 


FUNCTIONAL DESCRIPTION 
TEA7531 performs the following functions : 


The circuit amplifies the incoming signal and feeds 
it to the loudspeaker. PGO and PG1 inputs are used 
to set the loudspeaker gain in a range of 32cdB to 
14dB in 6cB steps. 


The TEA7531 inputs (PGO, PG1, ON/OFF) permit 
the loudspeaker to be cut-off thus ensuring privacy 
of communication. 


¢ The antilarsen (antiacoustic feedback) system is 
incorporated. 


[mit [oso 
C2 ae a 
S| mict | Microphone npot——SCSCSCSCSCSSCSCSCSC~“~S~SC~<CSS 
[aL [ants Fee 
a ee 
o| ust | Output Loudspeaker@—=~=~=~“‘“~*S*S*“‘“‘*SSCSCSCSCSCSSS 
r 
pel ese [out toutsenter@ 


14 PGO Inputs Program Level to Loudspeaker 
15 PG1 
16 | ON/OFF 
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e The maximum power available on a 50 ohms im- 
pedance loudspeaker is 25mW at 3 volts and 
100mW at 5 volts. 


Limit values for external components : 
R3 min = 5 kohms (R3 adjust VLS). 
R7 max = 390 kohms. , 

R6 min = R7/35. 


R max between pin 5 and 6 = 10 kohms + C min = 
10nf. 
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ELECTRICAL CHARACTERISTICS : (Tamp = 25°C, ILg = 30MA unless otherwise specified) 


Parameter Test Conditions 
Vist | Vis Supply ILs =2mA (fig. 6) 
Its =30mA (fig. 6) 


ILs =2mA to 30mA (fig. 6) 141 
Loudspeaker Amplifier f = 800Hz (fig. 7) 
V(10) — Vie) Vi10) — V(12) = 0.8Vims 
» Vos) 


3.4 


1.25 


=, 


a | OC |S 
{ele |s|e 


Gain = 


Distortion f = 300Hz to 2kHz 

V(10) — Viz) = 0.8Vrms 
G =G011 ; (fig. 7) 

Zmuicin | Microphone Input Symetrical at (pins 5-6) fig. 8 

Asymetrical at (pin 6) fig. 8 

Zinpin | Earphone Input (fig. 8) 

VoFFs Ouput Offset G011 ; (fig. 7) 

[Vi10) — Vira)] 

lonvorr | Input Current ON State Veg = OV ; (fig. 7) 


IpGo 
_ Ipet 


lonvore | Input Current OFF State | Vea = Vis ; (fig. 7) - 
Ipco 
Ipqai 


43.5 kQ 


a oo 
x 
~ 


oe 
atk 
ooo 


L ON/OFF] Input Voltage ON State 0.45 
Vit PGo 0.45 
Vit Pat 0.45 


1.5 
1.5 
1.5 


Gmic Microphone Gain = Vaic = 10m Vrms 
V(7)[V 5) — Voey] f = 2kHz ; (fig. 9) 


Gatt Loudspeaker Attenuated | G011 ; Vig) = 0.6V ; (fig. 9) 
Gain = [V(10) — VirzyV(8))_ Goid ; Vig) = 0.4V ; (fig. 9) 
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Figure 1 : Loudspeaker Gain versus Voltage on Figure 2 : AC Output Voltage versus Amplifier 
Pin(3) - (8) with Pin 2 Open. Gain. 
(dB) NBBTEAZSI2-83 Vo NBBTEAZS3I2-85 


aN be 


8.3 @.4 6.5 8.6 VIN(V) 14 2 


6 32 GtdB) 
Figure 3 : Power Available on Loudspeaker Figure 4 : Distortion versus Output Power. 
versus Vis Typical Curve. 
a NEBTEAZS32-@6 r NESTEAZS3I2-G7A 


ILS = 30mA 
G = 32dB(Ge11) 
RL = 586 ohm 
d- 2% 
RL = 56 Ohm 
G = 32dB8(Gaii ) 


3.8 3.5 4.8 4.5 9.8 VYVLS(Y) 


B.61 8.1 4 48 Po(mU) 
Figure 5 : Output Power versus Supply Current. 
ss NEBTEAZ532-68 
8 16 26 38 48 S@ILS(maA) 
fy, SGS-THOMSON se 
‘7 MCROELECTROMCS 


431 


TEA7531 


TEST CIRCUIT 
Figure 6 : Shuntvoltage Regulator/Reference Voltage at Pin 1. 


MNESTEAZS31-89A 


Note : SO open for VLS 1. 
SO close for VLSM. 
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Figure 7 : Loudspeaker Amplifier : Gain/Distortion/Output Offset. 


VIN2 476nF 


MNESTEAZSF1-18 


V (10) — V (12) Vout 
V (9) V (9) 
e Vores with Vin = 0 


eG 


S;: Vis = 1 
Gno = 0 
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Figure 8 : Impedance ZMIC, ZINP and Zin2. 
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Figure 9 : Antiacoustic Feedback System at GO11. 


NESTEAZS31-12 


CIRCUIT DESCRIPTION - Loudspeaker amplifier. 

TEA7531 is a 16 pin DIL integrated circuit providing - Antiacoustic feed-back system (antilarsen 
the following facilities : system). 

1.1. LOUDSPEAKER AMPLIFIER. 

Figure 10. 


EARPHONE INPUT 


MESTEAZSI1-17 


ON/OFF 
The amplifier is divided into 3 main sections. e When used in a telephone set to avoid larsen ef- 
- Automatic Gain Control (AGC) fect the AGC automatically decreases loudspea- 


ker amplifier gain. 


¢ When the required output level exceeds the ca- 
pabilities of the available current, the AGC de- 


- Preamplifier 
- Push-pull amplifier (bridge structure) 


a) The AGC section is used for the antilarsen and creases the loudspeaker amplifier gain to avoid 
antidistortion system. distortion. 
Ky SGS-THOMSON — 
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b) The preamplifier permits step contro! of amplifier 
gain in steps of 6dB, using pins PGO and PG1, which 
may be controlled using switches or by a micropro- 
cessor. The amplifier may be muted using the 
ON/OFF control signal (pin 16). 


Figure 11. 


c) The output amplifier uses a double push-pull 
configuration (H bridge) to get maximum dynamic 
range under limited supply conditions. 


Amplifier dc supply. 

In transmission mode, the supply voltage is control- 
led by the internal shunt DC regulator. For this rea- 
son, the TEA7531 should be supplied from a current 
source. 


Figure 12. 


(see : supply considerations). 


An antidistortion system is embodied which pro- 
vides AGC control to avoid loudspeaker distortion 
under current-limited conditions. 
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Circuit action. 


When the supply voltage is insufficient, the voltage 
at pin 1, falls below the reference voltage 1.1V, re- 
sulting in transistor (TR) being switched off, resul- 
ting in zero current flow in resistor R. This state 
enables the gain control system. Under these condi- 
tions, the shunt DC supply will switch at a rate de- 
termined by the time constant of the RC network on 
pin 3. 


Figure 13. 


LARSEN 


TEA7531 


This switching action accomodates normal speech 
characteristics under low supply conditions. 


1.2. ANTIACOUSTIC FEED-BACK SYSTEM 
(antilarsen system) 


The purpose of this system is to control AGC action 
in order to avoid acoustic feed-back between the 
loudspeaker and the microphone, when used in a 
telephone set. 


EFFECT 


Principle of operation. 


When examining the spectral density of the voice 
area and the larsen area, it can be seen that the do- 


Figure 14. 


max voice 
density 


FILTER 


minant features of each exist in different frequency 
bands. 


larsen Area 
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To extract the larsen component, the microphone by two first order filters), then amplified and rectified 
signal is first filtered by a second order filter (formed in order to produce the AGC control signal. 


_ Figure 15. 


Zin : 4KQ 
V7 
V5—-—V6 


The first filter is generated by the capacitors on pins 5 and 6 ; the second filter by the R-C network on pin 7. 
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Figure 16 : Antilarsen System Filter Response. 


6 dBract 


Filter on pins 5 & 6 
C9 +C10 


| °= On ZinC9 C10 


Filer on pin 7 


1 
oo 
2n (R5 + R6) C5 


1 


12 aB/oct 


Antilarsen system 
Filter response 


THEORETICAL 
RESULT 


If f2 = f8 the Antilarsen system filter is equi- 
valent to a second order filter. 


C9 +C10 1 


2xZinC9Ci0  $2nR5C5 
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A complete telephone set has two antilarsen sys- 
tems : 
. one in the transmission circuit (for example : 
TEA7051) antisidetone network ; 


Figure 17. 


TEA7531 


- onein the loudspeaker amplifier (for example 
: TEA7531). 


Together these form a high efficiency antilarsen sys- 
tem. 


antisidetone system 


PIN FUNCTIONS 


PIN 1 : ADJUST VLS 
This pin is used to adjust the IC supply voltage. 


PINS 2-13 Ground : 
These pins have to be connected together. 


PIN 3 : AUTOMATIC GAIN CONTROL FILTER 
The antidistortion system response is adjusted by 
the R-C network on this pin. 

The AGC will be switched ON when the level on pin 3 
is greater than the reference voltage (0.4V), the RC- 
network charges (current source ON) or discharges 
(current source OFF) according to the supply voltage. 
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THEORETICAL VOLTAGE ON PIN 3 
| Figure 18. 


| in 
|  - The value of R affects the system time constant - R should be greater or equal than 150kQ for cor- 
: and the charge/discharge duty cycle. rect AGC operation. 
' = The value of C only affects the system time 
constant. 
Figure 19. 


Voltage on 
pin 3 


0.4 V 


PIN 4 : CIRCUIT SUPPLY VOLTAGE When the TEA7531 is under AGC control, the vol- - 
With pin 1 open circuit, VLS is internally stabilized tage on this pin varies slightly (due to AGC action). 
at 2.8V. 
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PIN 5/6 : MICROPHONE INPUTS 
These are used for antilarsen control. 


PIN 7 : ANTILARSEN FILTER 1 

_ The second filter of the antilarsen system (1 st fil- 
ter : pins 5-6) is formed by the RC network R5C5. 
In order to obtain a second order filter for the antilar- 
sen system, the cut-off frequency defined at this pin, 
should be the same as that chosen for the first filter. 
For correct TEA7531 operation R6 and R5 should 
be fixed at 10kQ and 1kQ respectively. 


PIN 8 : ANTILARSEN FILTER 2 


The gain and the response of the antilarsen system 
can be adjusted respectively by the resistor and the 
capacitor on this pin, according to the acoustic cha- 
racteristics of the telephone set. 

The value of the resistor should not exceed 390k2. 
When the voltage on this pin exceeds the threshold 
voltage of 0.4V, the AGC system is enabled. 


PIN 9 : EARPHONE INPUT 
Input for loudspeaker signal. 


PIN 10-12 : LOUDSPEAKER OUTPUTS 
Maximum output voltage : Vpp = 2 Vis — 2.5V (with 
a gain of 32dB). 


Maximum output current : depending of the supply 
current. 


Figure 20. 


Two loudspeaker connection methods are possible, 
using the amplifier in either "H" mode or "B" mode. 


Note : It is advisable to connect a 47nF capacitor 
in parallel with the loudspeaker (between 
pins 10 and 12). 


- "H" Mode 


This is for low voltage working, but at a higher sup- 
ply current. The highest output power is available in 
this mode, due to the 5.5V maximum supply voltage 
restriction, imposed by the TEA7531. 


Loudspeaker impedance recommended value : 
50Q. 


Maximum gain available between earphone input 
and loudspeaker output : 32dB. 


- "B" Mode 


This allows higher voltage operation, but at a lower 
supply current. 


Loudspeaker impedance recommended value : 
250. 


Maximum gain available between earphone input 
and loudspeaker output : 32 — 6 = 26cB. 
PIN 11 : Vref : INTERNAL REFERENCE 


Output which provides an internally regulated refe- 
rence voltage. 


Vref = 1.1V typical 
MAXIMUM AVAILABLE CURRENT : SpA. 


Figure 21. 
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PIN 14-15 : GAIN ADJUSTMENT INPUTS 
Figure 22. 


PIN 16 : LOUDSPEAKER MUTING. 


pt || max - 6a 


po || imax - 1208 
po || max - 1808 


These pins are used to adjust the loudspeaker. Pin low level : loudspeaker enabled. 
Pin open circuit : high level = loudspeaker muted. See connection of Pins 14 and 15. 
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MONITOR AMPLIFIER 


» PROGRAMMABLE GAIN INSTEPS OF 6dB OR 
LINEARLY 

a ON/OFF POSITION 

a LOW VOLTAGE 

» POWER: 100 mW AT5 V 


DESCRIPTION 


This 16 pins IC is designed for monitor 
(loudspeaker) telephone set and provides : 
a) Signal amplification for monitoring (loudspeaker) 


; ; : ORDER CODES : TEA7532DP (DIP16) 
b) Antiacoustic feedback (antilarsen) TEA7532FP (SO-164) 
c) Antidistortion by automatic gain adaptation 


d) Antilarsen adjustment (full duplex) 


PIN CONNECTION 


ON/OFF 
PGi 
PG@ 
GND 


SZ 
Vref 
LS1 
INP 


NEBTEAZSIZ-G1 
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BLOCK DIAGRAM 


68nF ia 1GuF 
220NF oo E 336Ka 
16Ka 1Ka 


MIC4 
MICROPHONE [ ) 


66nNF 
NniIcz2 


EARPHONE 


INPUT 
SIGNAL QO) 
ON/OFF | PG@ 


NBBTEAZSI2-B2 
aera 


LEVEL CONTROL 


ABSOLUTE MAXIMUM RATINGS 


ILs Supply Current for T > 300 ms 90 mA 


for T < 300 ms 150 mA 
Voltage Level (pins, PGO, PG1, on/off) 0.6 > to Vs + 0.6 


Vi 
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PIN DESCRIPTION 


IN? | Symbol 
Adjust Internal Reference Vis 
| 2 | ALADJ | Antilarsen Adjustement iu 
Antidistortion 

Supply 

15 | mica | Microphone Input 

re | mice | Microphone input OSOSCSCSSC“‘“CS*~*~S~S 
/8 | TCt | Antilarsen Time Constant 
a 


14 PGO 
15 PG1 Inputs Program Level to Loudspeaker 
16 | ON/OFF 


FUNCTIONAL DESCRIPTION 


TEA7532 performs the following functions : 
The circuit amplifies the incoming signal and feeds 


Description 


nN 


The maximum power available on a 50 ohms 
impedance loudspeaker is 25 mW at 3 volts and 
100 mW at 5 volts. 


it to the loudspeaker. PGO and PG1 inputs are used 
to set the loudspeaker gain in a range of 32 GB to 
14 dB in 6 GB steps. 
The TEA7532 inputs (PGO, PG1, ON/OFF) permit 
the loudspeaker to be cut-off thus ensuring privacy 
of communication. 
The antilarsen (antiacoustic feedback) system 
is incorporated. 


Limit values for external components : 
R3 min = 5 kohms (R83 adjust Vis) 

R7 max = 390 kohms 

R6 min = R7/35 


R max between pin 5 and 6 = 10 kohms + C min = 
10 nF. 
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ELECTRICAL CHARACTERISTICS : (Tamp = 25 °C, ue = 30 mA unless otherwise Specified) 


. | Max. | Unit_| 

Visi Vis Supply ILs =2 MA (fig. 7) 
Bel ele rer ea 

[ier iss in on oa | as | 
is-2mAwS0mAte 7) | aaa 


Loudspeaker Amplifier 
V10) — Vi12) 


Gain = 


32 34 dB 
- 30 - 20 dB 


% 


f = 300 Hz to 2 kHz 
Va 0) — Va 2) = 0,8 Vrms 


18 
24 
30 
Distortion ; 
G =G011 ; (fig. 8) 
[V(10) — V(12)]/V2 Peo = Pai =Vts ; 
Vis) = = 0.8 V ( a 8) 


Zin2 Antilarsen Adjustment 
Input 
Ouput Offset GO011 ; (fig. 8) Sp 
[Vi10) — Vir2)] 


lonvorr | Input Current ON State Veai = ; (fig. 8) -—10 ~5 
IpGo 
Ipat 


© 


ote) 


36,0 43,5 


1.45 = 


f 
on 


lON/OFF Vea =Vts ; (fig. 8) 


IPGo 


Input Current OFF State 


Ly 
2 
= 
= 
m 
pe] 
om 
mo} 
=s 
oO 
=) 
© 
> 
To 
Cc 
- 
= 
ca 
ACS 
Ww 
ho 
— |r 
Ne mee) 


ViL ON/OFF 
Vit PGo 
Vit Pat 


Microphone Gain = Vane = 10m Vrms 21,5 
ViryilNis) — Vie)] f ai ake ; (fig. 10) 

| Vo | Voltage Ping eke 

Gatt | Loudspeaker Attenuated | G011 ; Vis) = 0.6 V ; (fig. 10) 

Gain = [Vi10) — Vir2/V(8) | G11 ; Vie) = 0.4 V ; (fig. 10) 


23.5 24.5 
0.48 0.67 0.90 


= 30 


— 
ae 
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Figure 1 : Loudspeaker Gain Versus Voltage on 
Pin (3) - (8) with Pin 2 Open. 
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Figure 3 : AC Output Voltage Versus Amplifier 
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Figure 2 :Loudspeaker Gain Versus Voltage on 
Pin (3) - (8) and Versus Ra. 
ica NE9TEAZ532-@84A 


8.3 G.4 B25 8.6 VIN(V) 


Zin2 (1.2 K) 
Zine (1.2 K) + Re (EXT) 


R2=3 K=>ATT=10dB 


ATTENUATION = 


Figure 4 : Power Available on Loudspeaker 
Versus Vis Typical Curve. 


“d » 2% 
RL = 56 Ohm 
G - 32d8(Ge1i ) 


3.8 3.5 4.6 4.5 S.6 VLS(V) 
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Figure 5 : Distortion Versus Output Power. Figure 6 : Output Power Versus Supply Current. 


N8ESTEAZSI2Z-87A 


ILS 38mA © 
32dB (Ge11) 


6.681 6.1 1 16 PolmU) 8 
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TEST CIRCUITS 


Figure 7 : Shuntvoltage Regulator/ Reference Figure 8 : Loudspeaker Amplifier : Gain/Distor 
Voltage at Pin 1. tion/Output Offset. 


VIN2 478nF 


: 110 
| TEAZ532 


MESTEAZASI2-18A 
V (10) —V (12) Vout 
V (9) V (9) 
| ¢ VOFFS with Vin = 0. 


' | Note: SOopenforVLS1 . Vis =1 
SO close for VLSM. Guo = 0 


NESTEAZS32-89E . 


Figure 9 : Impedance ZMIC, ZINP and Zin2. Figure 10 : Antiacoustic Feedback System at 
GO11. 


MO9TEAZS32-119  228NF 
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CIRCUIT DESCRIPTION 
TEA7532 is a 16 pin DIL integrated circuit providing 
the following facilities : 
. Loudspeaker amplifier 
1.1. LOUDSPEAKER AMPLIFIER 
Figure 11. 


EARPHONE INPUT 


ANTILARSEN 


ADJUSTMENT 


NEBTEAZSIZ-13 


The amplifier is divided into 3 main sections. 
. Automatic Gain Control (AGC) 
. Preamplifier 
. Push-pull amplifier (bridge structure) 

a) The AGC section is used for the antilarsen and 

antidistortion system. 
When used in a telephone set to avoid larsen 
effect the AGC automatically decreases louds- 
peaker amplifier gain. 

¢ When the required output level exceeds the 

capabilities of the available current, the AGC 


Figure 12. 


. Antiacoustic feed-back system 
(antilarsen system) 


14 
PGG 
16 
ON/OFF 


decreases the loudspeaker amplifier gain to 
avoid distortion. 


b) The preamplifier permits step control of amplifier 
gain in steps of 6 dB, using pins PGO and PG1, 
which may be controlled using switches or by a 
microprocessor. The amplifier may be muted using 
the ON/OFF control signal (pin 16). 

c) The output amplifier uses a double push-pull 
configuration (H bridge) to get maximum dynamic 
range under limited supply conditions. 
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Amplifier dc supply. 


In transmission mode, the supply voltage is control- . 


led by the internal shunt DC regulator. For this rea- 


son, the TEA7532 should be supplied from a cur- 


rent source 


Figure 13. 


Circuit action. 


When the supply voltage is insufficient, the voltage 
at pin 1, falls below the reference voltage 1.1 V, re- 
sulting in transistor (TR) being switched off, resul- 
ting in zero current flow in resistor R. This state en- 
ables the gain control system. Under these condi- 
tions, the shunt DC supply will switch at a rate de- 
termined by the time constant of the RC network on 
pin 3. 


Figure 14. 


LARSEN 
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(see : supply considerations). 

An antidistortion system is embodied which pro- 
vides AGC control to avoid loudspeaker distortion 
under current-limited conditions. 


This switching action accomodates normal speech 
characteristics under low supply conditions. 


1.2. ANTIACOUSTIC FEED-BACK SYSTEM 
(ANTILARSEN SYSTEM) 


The purpose of this system is to control AGC action 
in order to avoid acoustic feed-back between the 
loudspeaker and the microphone, when used in a 
telephone set. 


EFFECT 


9/16 
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Principle of operation. minant features of each exist in different frequency 


When examining the spectral density of the voice ands. 
area and the larsen area, it can be seen that the do- 


Figure 15. 


max voice larsen Area 
density 


FILTER 
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by two first order filters), then amplified and rectified 
in order to produce the AGC control signal. 


To extract the larsen component, the microphone 
signal is first filtered by a second order filter (formed 


Figure 16. 


_ The first filter is generated by the capacitors on pins 5 and 6 ; the second filter by the R-C network on pin 7. 
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Figure 17 : Antilarsen System Filter Response. 


6 aBroct Filter on pins 5 & 6 
C9+C10 
2n Zin C9 C10 


{2 = 
Filter on pin 7 
‘ 
2n (R5 + R6) C5 
1 
2n R5 C5 


fl = 


{3 = 


_ Antilarsen system 
Filter response 


12 aBfoct 


THEORETICAL 
RESULT 


If f2 = f8 the Antilarsen system filter is equivalent 
to a second order filter. 


C9 + C10 1 


2nZinC9C1i0  2nR5C5 


12 JB oct 
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A complete telephone set has two antilarsen 
systems : ; 
. one in the transmission circuit (for example : 
TEA7051) antisidetone network ; 


Figure 18. 


TEA7051 
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PIN FUNCTIONS 
PIN 1: ADJUST VLs 
This pin is used to adjust the IC supply voltage. 


PIN 2: ANTILARSEN ADJUSTMENT 


The AC signal at this pin is amplified to the louds- 
peaker without AGC attenuation. 


.~ one in the loudspeaker amplifier 
(for example : TEA7532). 
Together these form a high efficiency antilarsen 
system. 


PIN 3 : AUTOMATIC GAIN CONTROL FILTER 
The antidistortion system response is adjusted by 
the R-C network on this pin. 

The AGC will be switched ON when the level on pin 
3is greater than the reference voltage (0.4 V), the RC- 


- network charges (current source ON) or discharges 


(current source OFF) according to the supply voltage. 
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THEORETICAL VOLTAGE ON PIN 3 


Figure 19 : 


. The value of R affects the system time constant 
and the charge/discharge duty cycle. 

. The value of C only affects the system time 
constant. 

. Rshould be greater or equal than 150 kQ for cor- 
rect AGC operation. 


. Figure 20. 


Voltage on 
pin 3 


0.4 V 


PIN 4: CIRCUIT SUPPLY VOLTAGE When the TEA7532 is under AGC control, the voltage 
With pin 1 open circuit, VLS is internally stabilized on this pin varies slightly (due to AGC action). 
at 2.8 V. 
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PIN 5/6 : MICROPHONE INPUTS 
These are used for antilarsen control. 


PIN 7: ANTILARSEN FILTER 1 


The second filter of the antilarsen system (1 st filter 
: pins 5-6) is formed by the RC network R5C5. 

In order to obtain a second order filter for the anti- 
larsen system, the cut-off frequency defined at this 
pin, should be the same as that chosen for the first 
filter. 


For correct TEA7532 operation R6 and R5 should 
be fixed at 10 kQ and 1 kQ respectively. 


PIN 8 : ANTILARSEN FILTER 2 


The gain and the response of the antilarsen system 
can be adjusted respectively by the resistor and the 
capacitor on this pin, according to the acoustic cha- 
racteristics of the telephone set. 


The value of the resistor should not exceed 390 kQ. 
When the voltage on this pin exceeds the threshold 
voltage of 0.4 V, the AGC system is enabled. 


Figure 21. 


Figure 22. 
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PIN 9 : EARPHONE.INPUT 
Input for loudspeaker signal. 


PIN 10-12 : LOUDSPEAKER OUTPUTS 


Maximum output voltage : Vpp = 2 Vis - 2.5 V (with 
a gain of 32 dB). 


Maximum output current : depending of the supply 
current. 


Two loudspeaker connection methods are possible, 
using the amplifier in either "H" mode or "B" mode. 


Note : It is advisable to connect a 47 nF capacitor 
in parallel with the loudspeaker (between 
pins 10 and 12). 


- "H" Mode 


This is for low voltage working, but at a higher sup- 
ply current. The highest output power is available in 
this mode, due to the 5.5 V maximum supply voltage 
restriction, imposed by the TEA7532. 

Loudspeaker impedance recommended value : 50 Q. 
Maximum gain available between earphone input 
and loudspeaker output : 32 dB. 
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- "B" Mode 

This allows higher voltage operation, but at a lower 
supply current. 

Loudspeaker impedance recommended value : 25 2. 
Maximum gain available between earphone input 
and loudspeaker output : 32 - 6 = 26 aB. 


Figure 23. 


PIN 11 : Vref : INTERNAL REFERENCE 
Output which provides an internally regulated refe- 
rence voltage. 


Vref = 1.1 V typical 
MAXIMUM AVAILABLE CURRENT : 5 pA 


PIN 13 : GROUND 


PIN 14-15 : GAIN ADJUSTMENT INPUTS 


These pins are used to adjust the loudspeaker am- 
plifier gain. Four steps of 6 dB/step are available 
(pin open circuit = high level). 


PIN 16 : LOUDSPEAKER MUTING. 


This pin is used to mute the loudspeaker. Pin open- 
circuit : high level = loudspeaker muted. 


Pin low level : louspeaker enabled (see connection 
of pins 14 and 15). , 


Gmax 


Gmax- 6dB 


Gmax - 12 dB 
Gmax - 18 dB 
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HANDSFREE 


ADVANCE DATA 


s NOISE/SPEECH DISCRIMINATION IN EMIS- 
SION AND RECEPTION 

a INTEGRATED SIGNAL GAIN COMPRESSOR 
IN BOTH MODES 

s PROGRAMMABLE ATTENUATORS IN BOTH 
MODES 

a» ADAPTED TO ACOUSTIC PARAMETERS OF 
-ALL CABINETS 

a LOW OPERATING VOLTAGE 2.5V 

a LOW OPERATING CURRENT 2.1mA 

a» CHIP SELECT BETWEEN HANDSFREE AND 
MONITORING MODES 


ORDER CODE : TEA7540DP 
DESCRIPTION 
This 28 pins IC is an innovative approach to quality 


handsfree telephone sets. It results from an exten- 
sive research on speech signal. 


PIN CONNECTION (top view) 


GND 
cs 
OUTE 
ATTE 
HYST1 
HYST2 
TIM 
CCE 
CE3 
CE2 
CE1 
MICOUT 
INE 
UREF 


wanna unr WN PB 


rr rr 
GN » ® 


RECOUT 
INR 


ras 
pa 
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PREAMP 
COMPARATOR 
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TEA7540 


PIN FUNCTION 


1 GND 


Ground 
Chip Select 


ere eee nD In) 
|| OUTE | Transmit Attenuator Output 
|S | HYST1 | Transmit Channel Hysteresis 
|6 | Hyst2 | Receive Channel Hysteresis 
|8 | CCE | Time Constant of the Transmit Signal Compressor 
/9 | CES | Transmit NoiseMemorisation 
11|_ Cet 
12 
|_INR | Receive Signal Compressor Input 
RECOUT 
Receive Peak Detector 
TTR 


IREF Reference Current Source ; 
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FUNCTIONAL DESCRIPTION 
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SWITCHED ATTENUATORS 


Fig. 1 represents a block diagram of a handsfree 
subset with attenuators in signal mode. To prevent 
the system from howling, the total loop gain, inclu- 
ding acoustic feedback through the housing and si- 
detone coupling, must be less than OdB. For this 
purpose, two switched attenuators are inserted in 
each mode (emission and reception). The attenua- 


AYf Stexouecraontcs 


tion is shifted from one mode to the other, resulting 
from the speech level comparison between each 
way. | 

To prevent the circuit to switch continuously in one 
way, the operation of the IC must be fully symetrical 
in both ways. This involves signal comparison, atte-. 
nuation value. 
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Figure 1. 


MICROPHONE 


SWITCHED 
‘ATTENUATOR 


ATTENUATION - 
CONTROL 


SIDE TONE 


ACOUSTIC 
COUPLING 


COUPLING 


ANTISIDE TONE 


LOUDSPEAKER 


ATTENUATOR 
_ GAIN COMPRESSORS 


In TEA7540, two signal compressors are inserted in 
each mode before the signal comparison, so the si- 
gnal coming from each end has the same level 
(100mV peak), the losses in each way (for instance 
losses resulting from the line lenght in receiving 
mode) are compensated and the signal comparison 
‘ is fully symetrical. The time constant of each signal 
compressor is fixed by an external capacitor, but the 
gain of the compressor decreases 100 times more 
quickly than it increases to prevent from noise in- 
_ creasing between words. The compressing depth is 
38dB. 


BACKGROUND NOISE DISCRIMINATION 


An additional feature provided in TEA7540 is 
background noise level discrimination in each way. 
The IC stores the background sound level with a 
long time constant (3 to 5 seconds depending on an 
external RC) and compares it with the incoming si- 

-gnal in order to distinguish a usefull signal (speech) 


from the background noise. This background noise 
memorisation is also used to compensate the noise 
in each mode before signal comparison : the noise 
levelin each mode is substracted from the incoming 
signal before the comparison. So a very high noise 
level in one mode cannot trouble the comparison 
between the usefull signals. 


The result of the comparison manages the attenua- 
tors in the following way : 


- The maximum attenuation is switched on the mode 
where the speech signal is the lowest. The maxi- 
mum attenuation is fixed by two external resistors 
(maximum 52dB). The time constant of the switch 
is fixed by the timer via an external capacitor. 


- When neither party is talking both attenuators are 
set to a medium attenuation. Thus each mode is 
in idle mode. The time constant of the switch from 
active mode to idle mode must be long enough to 
prevent from switching to idle mode between two 
words (see fig 2). This time constant is fixed by an 
external RC. 
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Figure 2. 


SPEECH. NOISE 


TEA7540 OPERATION 


TEA7540 is powered through an external shunt re- 
gulator (for instance the shunt regulator of the mo- 
nitor amplifier TEA7531) or an external zener diode. 
It can work at a very low voltage (2.5volts) over the 
circuit and ithas alowcurrent consumption (2.1mA). 


It's also possible via the chip select pin (CS) to put 


Figure 3 : Application Diagram. 


Example of high range telephone set using TEA7540. 


TEA7050 
SPEECH 


CIRCUIT 


TEA7540 


HANDFREE 


CIRCUIT 


KEY BOARD 


TEA7540 


(OLE tA max dB 2} 


the handsfree function in standby to use the circuit 
in monitoring mode with the handset microphone. 


TEA7540 is designed to work with all kinds of micro- 
phones, including Electret. 


TEA7540 also handles the handset microphone si- 
gnal (AMP2) when the system is set to normal 
conversation mode (AMP1). 


HAND-SET 
MICROPHONE 


TEA7531 
LOUDSPEAKER 
AMPLIFIER 
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MICROELECTRONICS LS188 

MICROPHONE AMPLIFIER 

= VERY FEW EXTERNAL COMPONENTS internal reference and a current modulator stage 

= BUILT IN PARTIAL BRIDGE enabling the device to send the amplifier speech to 
a HIGH IMMUNITY AGAINST EMI the line. 


a ACCURATE GAIN CONTROL 

a NO CAPACITOR REQUIRED 

» WIDE OPERATING VOLTAGE AND CURRENT 
RANGE 

s PROGRAMMABLE DC CHARACTERISTICS MINIDIP 


DESCRIPTION 


The LS188 is a monolithic microphone amplifier 
designed to be used with several kinds of transdu- ORDER CODE : LS188CB 
cers. It can replace the carbon microphone in tele- 
phones and may also be used in cassette recorder, 
walky talkies, or infrared receiver applications. The 
circuit is assembled in a 8-pin Dual in Line Package. 
The LS188 consists of a differential input amplifier, 


PIN CONNECTION (top view) 


- oc 
8 [| CHARACTERISTICS 


GROUND 


GAIN 
MIKE INPUT PROGRAMMATION 


§$— 6204 
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BLOCK DIAGRAM 


TEST CIRCUIT 


S$-6206/1 


ABSOLUTE MAXIMUM RATINGS 


Parameter 
Microphone Voltage (3ms duration) 


Microphone Current 
Power Dissipation 
Operating Temperature 


THERMAL DATA 


Thermal Resistance Junction-ambient Max 100 


2/3 
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ELECTRICAL CHARACTERISTICS (refer to the test circuit at 25 °C with f = 300 Hz to 3400 Hz 
(pins 5-6 floating), unless otherwise specified) 


| Symbol | __— Parameter |_—Test Conditions | Min. | Typ. |Max. | Unit | 


Gs Sending Gain 
39.5 | 40.5 | 41.5 


|G ___| Gain Spread vs. Temperature _|-25°CTam=+60% | | et |B 
—_| Gain Spread ve. Polaty__[iw=tsema |} fet 8 


Gain Spread vs. Line Current Vu = 1 mV fat 


f = 1 KHz Im =7to60mA 
lret = 15 mA 
5.9 
8.65 
Differential Resistance and Im =7 to 60 mA 120 | 200 
Output Impedance 
|_| Frequency Response Im = 15 mA a ae eS 


a 


Microphone Voltage 


Distortion frep = 1 KHz 
IM= 7to15mMA V,=04V 2 % 
Iv¢=15to60mA V, =1.25 V 7 % 
| tg | QuiescentCurrent | —i(‘wLSSCdC tT Sm 
TYPICAL GAIN VERSUS PIN 5-6 
CONNECTION 


[—Feaing | Grounded 


Intermediate values of Gs are obtained by right resistors from 
pins 5 or 6 to ground. 
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TRUNK INTERFACE 


PRELIMINARY DATA 


a» ON CHIP POLARITY GUARD 

a» MEETS DC LINE CHARACTERISTICS OF EI- : MINIDIP 
THER CCITT AND EIA RS 464 SPECS oe 

» PULSE FUNCTION 

a HIGH AC IMPEDANCE 

ms OFF HOOK-STATUS DETECTION OUTPUT 

a» LOW EXTERNAL COMPONENT COUNT 


ORDER CODE :L3845 


PIN CONNECTION 
(top view) 


DESCRIPTION 


The circuit provides DC loop termination for analog 
trunk lines. 


The V-I characteristics is equivalent to a fixed volt- ‘ 
age drop (zener like characteristic) in series with an 
external resistance that determines the slope of the 
DC characteristic. 


An external low voltage electrolytic capacitor causes 
the circuit to exhibit a very high impedance to all AC 
signal above a minimum frequency that is determi- 
ned by the capacitor itself and by a 20 K nominal re- 
sistor integrated on the chip. NEBL 3845-82A 


The Off-Hook status is detected all the time a typic 
of 8 mA is flowing into the circuit. In this condition a 
constant current generator is activated to supply an 
external device (typically an optocoupler) without af- 
fecting the AC characteristic of the circuit. 


When Pulse Dialing is required the PULSE input 
(pin 3) connected to V- causes the device to reduce 
the fixed DC voltage drop and to exhibit a pure re- 
sistive impedance equal to the external resistor. 
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BLOCK DIAGRAM 


POLARITY DC LINE 
OFF HOOK 
GUARD TERMINATION DETECTION O 
: -_ CIRCUIT 
cme ae 
O 


U- 
N8BLIE45-B1A 


Parameter 


Max Line Voltage (pulse duration 10 ms max) a eee ee | 
Max Line Current 
| Prot Total Power Dissipation at Tamb = 70 °C . 800 


THERMAL DATA 


Thermal Resistance Junction-ambient - Max 


OP ee {7 SGS-THOMSON 
iA s/f MICROELECTROMICS 


DC ELECTRICAL CHARACTERISTICS 
(I, = 10 mA to 100 mA, R, = 56 Q, Ro = 


Vip Line Voltage 
(pulse mode) 


AC ELECTRICAL CHARACTERISTICS 


(I, =10 mA to 100 mA, R; = 56 Q, Re = 470 KQ, S; = 


Symbol} ___—__Parameter___| Test Conditions | win. { typ. | wax. | unit 


APPLICATION INFORMATION 


With the use of this circuit it is possible to terminate 
an analog trunk so that all the DC current compo- 
nent is flowing in the TRUNK TERMINATION CIR- 
CUIT while the AC component is decoupled with a 
low voltage capacitor and can be used with a small 
and low cost audio coupler transformer to provide 
the AC balancing termination and two to four wire 
conversion. 


Therefore it is usefull both for MODEM and PABX 
systems. 


150 KQ, S, 


ie se aS Soot Conmltionias = hati), Meee UAE 


Vi Line Voltage 
(normal mode) 


PULSE = Open 

IL =10 mA 5 
IL =20 mA 5:5 
IL =100 mA 12 


PULSE = V™ 

IL =20 mA a 
IL =35 mA 

IL =80 mA 


ON/OFF-Hook 
Line Current Detection Threshold 
OFF/ON-Hook 
Line Current Detection Threshold 

lout OFF-Hook lL =10 mA 
a Drive Current at Pin HDO IL > 20 mA 
Pulse Input Low Voltage ee eo 
Pull-up Input Current at Pin PULSE IL = 100 mA 
(pulse mode) Pulse = V~ 
Imput Current at Pin Pulse 
(normal mode) 


ee ee Line = = 2.2 nF : 
ie KHz 20 KQ 
lhl stern Distortion F =1 KHz 
Vs = 775 mVrus 
= 100 mA 2 % 
Sending/Receiving Distortion = Closed ; 9 9 
=1.3 Vams i 


L3845 


= Open, an = + 25 °C, unless otherwise specified) 


Open, Tamb = + 25 °C, unless otherwise specified) 


Figure 1 gives the typical application circuit ; it is 
worth to note that the TRUNK TERMINATION CIR- 
CUIT, together with the LS5018 transient suppres- 
sor provides a compact and low cost module fully 
protected against lightning or overvoltages fre- 
quently present on telephone lines. 


The PULSE input when connected to V- allows the 
device to reduce the Line Voltage and to show a re- 
sistive impedance equal to R71 to the line. When 
PULSE input is left open, this function is disable. 
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Figure 1 : Typical Application. 
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Designed to interface an equipment with the tele- 
phone line, this 8 pin IC provides : 
=» LINE ADAPTATION 


SGS-THOMSON 
NICROELECTRONICS 


TEA7868 


LINE INTERFACE 


a» LOGIC SIGNAL OUTPUT 


Other : 
a LOW WORKING VOLTAGE 


a» RING DETECTION 


It is particularly convenient for modem applications 
and fulfills a wide range of international specifica- 
| — tions. 


Line adaptation : (DC characteristics) 

a ZENER CHARACTERISTIC WITH ADJUSTA- 
BLE SLOPE 

a ADJUSTABLE DYNAMIC IMPEDANCE 

s ADJUSTABLE MAXIMUM AMPLITUDE OF THE 
SIGNAL 

m USE ONLY A LOW COST DRY TRANSFOR- 
MER 

a NEED NO DIALLING RELAY 

Ring detection : 

» ADJUSTABLE DETECTION LEVEL 

s ADJUSTABLE AC IMPEDANCE 

» VERY LOW LINE DISTORTION 


BLOCK DIAGRAM 


» WIDE OPERATING CURRENT RANGE 


MINIDIP 


ORDER CODE: TEA7868DP 


VOLTAGE 2 | 
[ STABILIZER ie — 
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PIN CONNECTION (top view) 


PIN DESCRIPTION 


VOLTAGE STABILIZER 


Voltage Over the IC 


Description 


Cvst decouples the voltage stabilizer and Rvst fixes the impedance. 


Rc fixes the voltage through Rvsr. 
Rm» fixes the slope of the DC characteristic. 


Ground 


OUTLINES 


Specially designed for the modem applications, this 
8 pins IC provides line adaptation, ring detection and 
easy pulse dialling. It is a Direct Connect Circuit 
(DCC) which has been designed to fulfill a wide 
range of AC and DC specifications for various coun- 
tries. 


RING DETECTION 


This circuit detects the incoming ringing signal and 
generates a logic signal to the microcomputer via an 
optocoupling device. The detection level can be 
fixed by an external resistor. The dynamic impe- 
dance of the ring detector is also fixed by an exter- 
nal resistor. The line distortion of the ringing signal 
is very low compared to the distortion introduced by 
a zener detector. 


‘ 


Pw] S™~™~CS™SCSSHHptdom 
Vr 2c Ring detection output connected to an optocoupling device. 
26... | Rs fixes the ring detection level. 


Ring Detection Input. Rp fixes the impedance of the ring detector. 


LINE ADAPTATION 


The DC characteristic can fulfill a wide range of DC 

specifications : 

. zener characteristic with adjustable slope fixed 
by an external resistor . 

- line current limitation using an external CTP. 


The dynamic impedance is fixed by an external re- 
sistor Rvst so as to match with different line impe- 
dances. 


The maximum amplitude of the signal is fixed by two 
external resistors Rvst and Re. ; 


This circuit has been designed to be connected to 
a low cost dry transformer. 


The application has been studied to avoid the use 
of dialling relay. 


With its possibility of ring detection, off-hook are dial- 


ling this circuit is adapted to the application in smart 
modems. It also satisfies the FCC Rules Part 68. 
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V1 Supply Voltage 16 V 
V7 16 V 


TEA7868 


ABSOLUTE MAXIMUM RATINGS 


Symbol Parameter | Value | Unit 


| Prot __| Power Dissipation a ee 
Operating Temperature ! — 25 to 65 
Storage Temperature — 55 to 150 


STATIC ELECTRICAL CHARACTERISTICS (Tamp = 25 °C) 


Parameter 

Line Current (pin 1) 
Voltage over the IC (pin 1) (see fig. 1) 

i. =10 mA 

IL = 100 mA 
Voltage Stabilizer (pin 2) (see fig.1) 

I =10mA 

I, =100 mA 


Impedance of the Transmission Part. (see fig. 2) 
Return loss compared to 600 Q : 
300 Hz <f <5 kHz ;!l, =20 mA 


Ring Detection Level (see fig. 3) 
for a Low Level on Pin 5 (< 0.3 V) : no Detection 


19 20 Vpp 
for a High Level on Pin 5 (> 0.8 V) : Ring Detection 20 
Impedance of the Ring Detection Part : 
Typically Rs + Rp/13 (see fig. 3) 


— Distortion in Ring Mode : fring = 50 Hz (see note 4) jp 
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Figure 1 : Static Electrical Characteristic Test Diagram. 


TEA 7868 


External components : 
Cvst = 100uF Rvyst = 1.2kQ 
Re = 2.7kQ Ru = 12Q. 


Figure 2: Impedance Measurement. 


FE sag EE ge 


TEA 7868 


External components : Return loss is defined by : 
Cyst = 100uF Ryst = 12002 

Re = 2.7kQ Ru = 12Q R.L. = 20log ( IZout + 600| ) 
RPL = 12002 Zour — 600] 
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Figure 3 : Ring Detection Level and Impedance. 


TEA 7868 


» Ring detection level « Impedance of the ring detection part : 


for: VR = 19Vpp 


V(5) < 0.3V VR 
for: Vp=21Vpp 


V(5) > 0.8V 


SPECTRUM 
ANALYZER 


VR fR =50Hz 


Test conditions : 
Vr = 90 Vams 


b) 


VR ~- 0 dB 


— 26 dB 


‘S77 


3002 <Ri < 14002 


FORBIDDEN AREA 


SGS-THOMSON 
MICROELECTRONICS 


FREQUENCY (Hz) 


TEA7868 


No distortion peaks appear in the forbidden area of 
the following shape : 
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APPLICATIONS INFORMATION 
Figure 5 : Ring Detection. 


The ringing signal coming from the line is rectified 

by the diode bridge ; the circuit compares the peak 

amplitude of the signal to a predeterminated detec- 

tion level fixed by Rs. On the output transistor of the 

optocoupling device a logic signal is generated 

which frequency is twice the frequency of the ringing 

signal. 

"0" = the amplitude of the ringing signal is grea- 
ter than the detection level. 

"4" =the amplitude of the ringing signal is lower than 
the detection level. 


The ring detection circuit is fully linear ; so the dis- 
tortion on the line is very low compared to the dis- 
torsion introduced by a zener detector as usually 
used. 

Three external components affect the characteristic 
of the ring detection circuit. The capacitor Cr pro- 
vides the DC solation from the line. 

The AC impedance of the circuit at the ringing fre- 
quency is given by the formula : 


Zac = Zcr(f) + Ro + Rs/13 
Zcr is the impedance of the capacitor Cr at the rin- 
ging frequency. 


The ring detection level is fixed by the external re- 
sistor Rs with the following formula : 
11 volts 
Rs = ——_———————_ Rp 
Vr-Vp-3 volts 
Vr ts the peak amplitude of the ringing signal at the 
detection level. 


~ Vpis the voltage over the diode bridge and the ca- 
pacitor Cr at the ringing frequency. 


The DC characteristic is azener characteristic which 
slope is fixed by Ru (see fig.8). The voltage over the 
circuit (pin 1) is fixed via a current source driven 
through Rvst. The value of this current source is 
fixed by the external resistor Rc with the formula : 


Rvsi 


V(Rvsi) = V(pin1) - V(pin2) = x 2.46 volts 


Rc 


Note that the voltage through Rvst also limits the 
amplitude of the emitted signal. 


The external resistor Rvst also defines the AC im- 
pedance of the circuit : 


Zac = Rvst// impedance seen from the transformer 
(see hybrid system) 


* When a current limitation is required for the DC 
characteristic (as for the French specification), an 
external TPE is connected between the telephone 
line and the circuit (see application diagram). 


PULSE DIALLING 


Pulse dialling is easily done using a high voltage op- 
tocoupling device and a high voltage PNP transis- 
tor as shown on the typical application diagram. 


HYBRID SYSTEM 


This system uses an operational amplifier to prevent 
from injecting the emitted signal in the receiving path 
of the modem IC. A typical diagram is given at fig. 
9, - 

Rt represents the impedance of the telephone line 
Zt in parallel with Rvst. Typically we take ZL = 600 
ohms. 
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Figure 6 : AC/DC Line Adaptation. 


HYBRID 


Figure 7 : This part of the TEA7868 is used for line adaptation. 
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Figure 8 : An Equivalent Diagram of the Circuit is given at fig. 7. 


The hybrid gain of the system is given by :. 
Vs Re + R3 Ri 


= =1- : 
Gp Ry + Re 


VE Ro 


For a maximum efficiency you must have Gp = 0 
and this gives : 


R3 Ri 


Re Ri 

The impedance seen from the line must be 600 
ohms, this impedance is given by : 

Zout = Ri // Rvst : 

So, if Rvst is fixed, Ri is also fixed by Zour = 600 
ohms. 


Figure 9. 


~Gr=1+ 


The gain between the online signal and the modem 


_ Inputis : 


Ri 


Ri + Re 
The gain between the line and the modem input is : 
R3 


Re 
Those calculations are purely theoretical ; really the 
line impedance has a complex component, so there 
will be little changes in the value of Ri, Re, Rs to 
adapt the hybrid system. 


RL=2Z2L: RVST 
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Figure 10 : Complete DAA Interface Circuit with TEA7868. 


CPU 


PULSE 
DIALLING 


kN 


zm Te 5 | 


om 6N136 
RING 
DETECT 


DA 


o 


ky 


SGS-THOMSON 
MICROELECTRONICS 


EFB 7513 


PS10004 


9/10 


485 


TEA7868 


Figure 11 : Complete DAA Interface Circuit with Current Limitation. 
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TELEPHONE INTERFACE CIRCUIT 


~ AN AT&T PRODUCT : ADVANCE DATA 


' Circuit performs the following basic functions : high- 
_ voltage dial pulse switching, protection against re- 
_ versal of Tip-Ring polarity from the Central Office, 


= T ee (T') Seg ee Output of Polarity 

| Guard 

| DP Prime | Control for Internal Dial 
(DP’) Pulse Switch 


a WITHSTANDS TELEPHONE LOOP VOL- 
TAGES TO 150 V DC AND 200 V PULSED 

as OPERATES AT LOW TIP-RING VOLTAGES 
(typically as low as 2.7 V) 

» POLARITY GUARD HAS LOW _ INTERNAL 
VOLTAGE DROPS 

» MONOLITHIC SOLID-STATE CONSTRUC- 
TION GIVES COMPETITIVE EDGE IN PHYSI- 
CAL AREA CONSERVATION AND 
RELIABILITY 


MINIDIP 


ORDER CODE :LH1028BB 


DESCRIPTION 


Dielectric isolation and a monolithic high-voltage 
DMOS technology are used to fabricate the LH1028 
Telephone Interface Circuit (TIC). This integrated 


PIN CONNECTION (top view) 


and overvoltage/overcurrent protection of tele- 
phone circuits. 


PIN DESCRIPTION 


[in | Symbot [Description 
2 


7 Control for Internal Dial 
Pulse Switch 


S- 10720 


R Prime Negative Output of Polat 
(RP’) Guard 


1,5 NC No Connection Allowed 
Reserved Pins 
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Figure 1 : Functional Diagram. 


OUTPUT VOLTAGE 
LIMITING DEVICE 


POLARITY 
GUARD 
(FULL-WAVE 
RECTIFIER) 


PULSE 
S-10719 SWITCH 


ABSOLUTE MAXIMUM RATINGS 


Symbol Parameter 


Dialling Voltage (tip-ting) (ton=2 ms ;f = 10 Hz) 


Power Dissipation (package limitation) 


THERMAL DATA 


Thermal Resistance Junction—ambient Max 120 
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ELECTRICAL CHARACTERISTICS (see figure 2) 
(Ta =4to 49 © for min. and max. value) (Ta = 25 © for wlll value) 


———paranter [Tes Gonaitons_—_—_[ win ty [ie Un 


Breakdown Voltage (tip-ring) Vpop =2 V;R, = 1000 Q 175 
Increase VrtrR until 
ItR =3 MA (see fig. 3) 
Dial Pulse Control Voltage, Vpp Vrrm =48 V;R~_ =200 2 
Ipp = 5 pA (see fig. 4) 
Dial Pulse Contro! Current VtrR =48 V;:Vpp =2V; 
R_ =200 2 (see fig. 3) 
Off-state Leakage Current VTR =48V;VDP=2V; 400 LA 
RL = 200 Q (see fig. 3): 


Increase VrtrR until 
Vout =.1.6 V 
R=400Q 

IRp =—4mA 
R=235 0Q;Ipp =—20mA; 
Vpp= 0.65 V 
Measure Vrra — Vout (see fig. 4) 


Output vOIgue: Vtr = 140 V peak | Measure Vout peak (see fig. 5) =} 26 | 30_| 
Turn-off Time DP Initially shorted to DP' (see fig. 7) Pat" 


Current Limiting R. =400; 
Vpp = 0.65 V (see fig. 8) 


Figure 2 : Simplified Schematic Illustrating Characteristic Symbology. 


pee see) a Poe 
we ee ae ne ert 


Tip-ring Operating Voltage 
(see fig. 4) 


On-state Voltage Vrpa =6 V 


S- 10721 


3/6 

f SGS-THOMSON ss 
Id MICROELECTRONICS 

489 


LH1028 


TEST CIRCUITS 
Figure 3. Figure 4. 


$-10722 N@8LH1828-81 


Figure 5. 


S-10723 


CHARACTERISTIC TIMINGS 
Figure 6 : Turn-on Time Test Method. 


TIP = 82.6 V o 


RING o 
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Figure 7 : Turn-off Time Test Method. 


TIP = 78.7 V © 


~— tOFF —+>| 


LH1028 


—-—-— —Var3 = 6.4V 


TIP OR RING CURRENT (mA) 


S-10727 


S- 10729 


40 {2 LOAD 
FROM TP TO RP 


TIP TO RING (V) 


APPLICATION 


The LH1028 device can be connected in the follo- 
wing manner to perform telephone interface func- 
tions. An overvoltage metal-oxide-varistor or other 
similar type of device shunts the Tip-Ring input ter- 
minal of the LH1028 TIC and limits the voltage 
across these terminals to less than 200 V (the maxi- 
mum voltage rating of the LH1028). The output ter- 
minals of the LH1028 TIC are TPRIME (T’) and 


RPRIME (R’). T’ and R’ are the positive and nega- 
tive sides of the TIC polarity guard, respectively. R’ 
is connected to the telephone circuitry through a 
switch which is internal to the LH1028 TIC. This in- 
ternal switch opens when a dial pulse voltageis ap- 
plied between terminal DP (Dial Pulse) and DP’ (Dial 
Pulse Prime). 
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Figure 9 : Typical Telephone Set Configurations. 


OVERVOLTAGE TELEPHONE 
PROTECTION CIRCUITRY 


CENTRAL 
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SINGLE POLE HIGH-VOLTAGE SOLID-STATE RELAY 


AN AT &T PRODUCT 


e HIGH VOLTAGE IC FABRICATED IN A DIE- 
.  LECTRIC ISOLATION PROCESS 
~ a OPTICAL COUPLING BETWEEN INPUT AND 
OUTPUT 
e CAN SWITCH LOADS UP TO 350V AT CUR- 
RENTS UP TO 100mA 
: a LOW ON-RESISTANCE 
| a CLEAN, BOUNCE-FREE SWITCHING 
| » HIGH CURRENT SURGE CAPABILITY 
; a LOW-POWER CONSUMPTION 
» NO ELECTROMAGNETIC INTERFERENCE 


DESCRIPTION 


| The LH1056 (Multipurpose Solid-State Relay) is a 
: low-cost, bi-directional, SPST designed to switch 
both AC and DC loads. Output is rated at 350 volts 
and can handle loads up to 100mA. It is packaged 
in a special 6-pin plastic DIP. 

Each device consists of one GaAlAs LED to optical- 
ly couple the control signal to a high-voltage integra- 
ted circuit. The typical ON-Resistance is 30 ohms at 


Figure 1 : Functional and Equivalent Relay Diagrams. 


February 1989 


(Plastic Package) 
ORDER CODE : LH1056AT 


25mA, and is exceptionally linear up to 50mA. 
Beyond 50mA, the incremental resistance becomes 
even less, thereby minimizing internal power dissi- - 
pation. The LH1056 also has internal current limi- 
ting which clamps the load current at 150mA to in- 
sure that the device will survive during current 
surges. 


SPST(NORMALLY OPEN) 
I 


CONTROL LED 


EQUIVALENT RELAY DIAGRAM 
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PIN CONNECTION (top view) 


CONTROL (+) 


CONTROL (~) 


PIN DESCRIPTION 


| Name [oC escription 


These pins are the positive and negative inputs respectively to the input control LED. An 
Control — 


appropriate amount of current through the LED will close the circuit path between S and S’. 


These pins are the outputs. The pin pair S-S' represents one normally open relay pole. 


Blank This pin may be used as a tie-point for external components. Voltage on this pin should not 
exceed 300V. , 


This pin is connected to internal circuitry. It should not be used as a tie-point for external 
Circuitry. 


NC 


ABSOLUTE MAXIMUM RATINGS (at 25°C unless otherwise specified) 


a 


LED Input Ratings : Continuous Forward Current 20 mA 
Reverse Voltage 10 V 

Recommeded Maximum Output Operation : Operating Voltage 350 V 
Load Current 100 mA 


Stresses in excess of those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only 
and functional operation of the device at these or any other conditions in excess of those indicated in the operational sections of this specifica- 
tion is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 
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ELECTRICAL CHARACTERISTICS (at 25°C unless otherwise noted) 


[Parameter ———*(Y~—Test Conditions | Min. | Typ. | Max. | Unit | 


* LED Forward Current for Turn-on lLoap = 100MA be ee oS. | mA 
loan = 80mA, 70°C |__| 2s | 50 


ep =2.5mA;hoan=25mA | 20 | 30 | so | a | 
ep =OuA iloan=S0uA | 350 | 380 | | V_ | 
Output Off-state Leakage Current }100V,lien=OWA =——idiE=Cté‘“‘(aéé*dT:S«éC4c sf 200 | | 

400V, hen = 20004 «| Sido 2.0 | pA 
/300V, en =200WA_ | | ot | 5.0 | A 
a ae ee es ms 
om Se 
Feedthrough Capacitance, Pin 4 to 6 (4Vp-p, 1kHz) ee 


Supply a minimum of 6mA LED current to insure proper operation over the full operating temperature range. 


* 


TEST CIRCUITS 


Figure 2 : Ron, ON Voltage and Breakdown Figure 3 : Leakage Current. 
Voltage. 


a 
VJ IILoap | 
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Figure 4 : ton/torr Test Circuit and Waveform. 


ILED (5 mA) 


mt <1 pS 
| 
| 

ILOAD (100 mA, MAX) 


CHARACTERISTIC CURVES 
Figure 5 : Solid-state Relay Typical ON Characteristics. 
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LIMITING 
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88LH1856-D02 


Figure 7 : Normalized Turn-off Time vs. 
ee 


88LH1@56-D01 


Figure 6 : Normalized Turn-on Time vs. 
Temperature. 
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Figure 8 : Normalized Switching Time vs. Load 


Figure 9 : Normalized On-resistance vs. Tempe- 


rature. 
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Figure 10 : Normalized Threshold Current vs. 


Figure 11 : Normalized Current Limit vs. Tempe- 


rature. 


Temperature. 
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INPUT/OUTPUT ISOLATION 


The optical coupling between input and output pro- 
vides a great degree of isolation between the low- 
voltage control and the high voltage output. Each 
device meets the 1500Vrms U/L (Underwriters La- 
boratories) test, which requires the product to 
withstand 1500Vrms for a time of one minute. For 
throughput purposes, U/L allows reduction of the 
test time to 1 second if the stress is increased to 
1800Vrms. 


In order to further assure long term reliability, each 
device is tested with an additional 600Vrms of 
guardband, bringing the total test stress to 
2400Vrms for one second. During the test, less than 
100nA of leakage is required. After passing this test, 
the part is subjected to the parameters specified by 
the data sheet. 


Figure 12 : Circuit used for Measurements of figures 13, 14. 


CURRENT PROBE 


NESLH1IESE-84 


LOAD PROTECTION 


The LH1056 has been designed to protect the swit- 
ching load by quick transient suppression and by 
output current limitation. These features can be il- 
lustrated by evaluation of the step response of the 
closed contact. : 
The circuit used for evaluation is shown in figure 12. 
First, a control signal is applied in order to activate 
the switch. Then transistor TR1 is turned on, which 
activates a 50V step through 100Q across the clo- 
sed switch. The switch reacts.to the leading edge of 
the step by quickly deactivating, stopping current 
flow in the load. The resultant load current is shown 
in figure 13. After 250us, the switch recloses, allo- 
wing current to flow in the load, up to the current li- 
mit of the device, if necessary. This clamping can 
be seen in figure 14 which also shows the fast shu- 
toff at the leading edge of the step. 


TO OSCILLOSCOPE 
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Figure 13 : Current Spike (Rit = 100, Vs = 22V). 
X = 0.5us/div. 
Y = 30mAddiv. 
’ Upper Trace : load current. 
Lower Trace : command pulse. 


LH1056 


Figure 14 : Current limiting (Vs = 22V, Ri = 100). 
X = 0.2ms/div. 
Y = 40mA/sdiv. 
Upper Trace : command pulse. 
Lower Trace : load current. 


APPLICATION 


This device has been optimized to meet the de- 
mands of switching high voltages at moderate 
current levels in applications such as telecommuni- 
cations, instrumentation, and medium-power swit- 
ching. It is ideally suited for applications where high 
performance, noise-free Switening of ac and dc si- 
gnals is desirable. 


The operational range of this device includes low- 
power commercial voltage applications where mil- 
lampere control signals and low ON-resistance are 
required. The speed, reliability, and linearity of this 
switch makes it well suited for those applications 
which are beyond the range of mechanical relays, 
thyristors, and triacs. For lower ON resistance, hi- 


gher voltages, or greater current capability, the 
LH1056 can be easily combined in parallel or series 
arrangements, as required, with their contro] LEDs 
simply driven in series. 

The low ON-resistance and low-noise features are 
beneficial in instrumentation applications. The opti- 
cal coupling provides isolation of the switch from the 
control signal in high-voltage and high-frequency 
applications. 

The fabrication of high-voltage, monolithic ICs in a 
unique dielectric isolation process provides high re- 
liability and the solid-state construction eliminates 
problems associated with mechanical relays such 
as sensitivity to shock and vibration. 
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Figure 15 : Triac Predriver. 


—j 
O 
ea 
<= 
O 
i) 


CONTROL 


TELEPHONE 
ELECTRONICS 


8/8 

{ SGS-THOMSO 
SS SS Ay Series 
500 


kg SGS-THOMSON } 
YF wicRoELectRoMes LH1061 


DOUBLE POLE HIGH-VOLTAGE SOLID-STATE RELAY 


ADVANCE DATA 
AN AT & T PRODUCT 


u» HIGH VOLTAGE IC FABRICATED IN A DIE- 
LECTRIC ISOLATION PROCESS 

» OPTICAL COUPLING BETWEEN INPUT AN 
OUTPUT 

a CAN SWITCH TWO SEPARATE LOADS UP TO 
200V EACH AT CURRENTS UP TO 200mA 

a LOW ON-RESISTANCE 

a CLEAN, BOUNCE-FREE SWITCHING 

a» HIGH CURRENT SURGE CAPABILITY 

» LOW-POWER CONSUMPTION 

» NO ELECTROMAGNETIC INTERFERENCE 


Minidip 


ORDER CODE : LH1061AB 


PIN CONNECTION 


DESCRIPTION 


The LH1061 (Multipurpose Solid-State Relay) is a 
low-cost, bi-directional, SPDT designed to switch 
both AC and DC loads. Outputs are rated at 200V 
and can handle contemporarily two loads up to 
200mA. It is packaged in a special 8-pin plastic DIP. 


Each device consists of one GaAlAs LED to optical- 
ly couple the control signal to two high-voltage inte- 
grated switches. The typical ON-Resistance is 15Q 
at 25mA, and is exceptionally linear up to 100MA. 
Beyond 100mA, the incremental resistance be- 
comes even less, thereby minimizing internal power 
dissipation. The LH1061 also has internal current li- 
miting which clamps the load current at 300mA to 
insure that the device will survive during current 
surges. 
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Figure 1 : Functional and Equivalent Diagram. 


POLE 2 POLE 1 
lf ol fo ol 


DPST (NORMALLY OPEN) 
Sl A&A 51! 


S2 A952! 


CONTROL 


PIN DESCRIPTION 


| Name | Description 


Control + These pins are the positive and negative inputs respectively to the input control LED. An 
Control — appropriate amount of current through the LED will close the circuit path between S and S’. 


Si, S1' These pins are the outputs. The pins designated as S represents one side of a relay pole. The 
$2, S2' pins designated as S' are the complementary side of a relay pole. Note that S2 is connected to 
the substrate. 


This pin is connected internally for test purposes. It should NOT be used as a tie-point for | 
external components. — 


Blank This pin may be used as a tie point for external components. Voltage applied to this pin should 
no exceed 150V. 
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ABSOLUTE MAXIMUM RATINGS (at 25°C unless otherwise specified) 


Pin Soldering Temperature (t = 15s max) 


LED INPUT : 
Continuous Forward Current 


Reverse Voltage 


20 mA | 
10 V 


: 
Oo 
oO 
< 


Operating Voltage 
One Pole (S1, S1' or S2, S2’) 
Each Pole (two poles operating simultaneously) 


w 
=) 
—) 
B 
> 


MN 
fo) 
io) 


Stresses in excess of those listed under "Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only 
and functional operation of the device at these or any other conditions in excess of those indicated in the operational sections of this specifica- 
tion is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS (at 25°C unless otherwise specified) 


Parameter Typ. 
LED Forward Current for Turn-on* : 
LED ON Voltage @ 10mA 


ON Resistance : Ron = Vu/50mA lLep = 2.5mA ; ILoap = 50mMA 
ON Voltage lLep =2.5mA ; ILoap = 200mMA 


Output Off-state Leakage Current 
Breakdown Voltage @ 50n/A (figure 2) lLED = OLA ; ILoap = 50nA 
Turn-on Time Ri = 15kQ 

Turn-off Time Leo = SMA 

Feedthrough Capacitance, Pin 4 to 6 (4Vpp, 1kHz) 

Pole to pole Capacitance (4Vpp, 1kHz) 


* Supply a minimum of 6mA LED current to insure proper operation over the full operating temperature range. 


(7 SGs-THoMson — 
S/ | MICROELECTRONICS 3 
50 


LH1061- 


TEST CIRCUITS 


Figure 2 : Ron, ON Voltage and Breakdown Figure 3 : Leakage Current. 
Voltage. 


Figure 4 : ton/torr Test Circuit and Waveform. 


ILED (5 mA) 


m™ <14S mt <1 ps 
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CHARACTERISTICS CURVES . 
Figure 5 : Solid-state Relay Typical ON Characteristics. 
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Figure 6 : Normalized Turn-on Time vs. 


Figure 7 : Normalized Turn-off Time vs. 
Temperature. 


Temperature. 


G8LH1G56-D01 (%) 88LH1@56-D02 


-18 86 18 26 3@ 48 56 68 76 Ta(°C) 


G7, SGS-THOMSON — 
S/ i ea ernnes : 


505 


LH1061 


Figure 8 : Normalized Switching Time vs. Load 
Voltage. . 
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Figure 10 : Normalized Threshold Current vs. 
- Temperature. 
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INPUT/OUTPUT ISOLATION 


The optical coupling between input and output pro- 
vides a great degree of isolation between the low- 
voltage control and the high-voltage output. Each 
device meets the 1500Vrms U/L (Underwriters La- 
boratories) test, which requires the product to with- 
stand 1500Vrms for a time of one minute. For 
throughput purposes, U/L allows reduction of the 
test time to 1 second if the stress is increased to 
1800Vrms. 


Figure 9 : Normalized On-resistance vs. Tempe- 
rature. 
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Figure 11 : Normalized Current Limit vs. Tempe- 
rature. 
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In order to further assure long term reliability, each 
device is tested with an additional 600Vrms of 
guardband, bringing the total test stress to 
2400Vrms for one second. During the test, less than 
100nA of leakage is required. After passing this test, 
the part is subjected to the parameters specified by 


the data sheet. ‘ 


6/9 
ea Oe 2 eg f SGS-THOMSON 
7 MICROELECTRONICS 


506 


LH1061 


LOAD PROTECTION 


The LH1061 has been designed to protect the swit- sed switch. The switch reacts to the leading edge of 
ched load by quick transient suppression and by the step by quickly deactivating, stopping current 


' Output current limitation. These features can be il- —_—s flowin the load. The resultant load current is shown 
' lustrated by evaluation of the step response of the in figure 13. After 250p1s, the switch recloses, allo- 
_ Closed contact. wing current to flow in the load, up to the current li- 

The circuit used for evaluation is shown infigure 12. ‘mit of the device, if necessary. This clamping can 


First, a control signal is applied in order to activate | De Seenin figure 14 which also shows the fast shu- 
the switch. Then transistor TR1 is turned on, which _‘off at the leading edge of the step. 
activates a 50V step through 100Q across the clo- 


Figure 12 : Circuit used for Measurements of figures 13, 14. - 


CURRENT PROBE 


CG 
R1-188Q TO OSCILLOSCOPE 


N89LH1861-84 


Figure 13 : Current spike (Ri = 100Q, V; = 50V). Figure 14 : Current limiting (Vs = 50V, RL = 100). 
X = 0.5us/div. X = 0.2ms/div. 
Y = 60mAddiv. Y = 80mA/div. 
Upper Trace : load current. Upper Trace : command pulse. 
Lower Trace : command pulse. Lower Trace : load current. 
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APPLICATION 


This device has been optimized to meet the de- 
mands of switching high voltages at moderate 
current levels in applications such as telecommuni- 
cations, instrumentation, and medium-power swit- 
ching. It is ideally suited for applications where high 
performance, noise-free switching of ac and dc si- 
gnals is desirable. 


The operational range of this device includes low- 
power commercial voltage applications where mil- 
lampere control signals and low ON-resistance are 
required. The speed, reliability, and linearity of this 
switch makes it well suited for those applications 
which are beyond the range of mechanical relays, 
thyristors, and triacs. For lower ON resistance, hi- 
gher voltages, or greater current capability, the 


Figure 15 : Balanced Switchhook Application. 


CONTROL 


LH1061 can be easily combined in parallel or series 
arrangements, as required, with their control LEDs 
simply driven in series. 

The low ON-resistance and low-noise features are 
beneficial in instrumentation applications. The opti- 
cal coupling provides isolation of the switch from the 
control signals in high-voltage and high-frequency 
applications. 


The fabrication of high-voltage, monolithic ICs in a 
unique dielectric isolation process provides high re- 
liability and the solid-state construction eliminates 
problems associated with mechanical relays such 
as sensitivity to shock and vibration. 
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Figure 16 : Balanced Two-line Multiplexer Application. 
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HIGH PERFORMANCE DUAL OPERATIONAL AMPLIFIER 


a SINGLE OR SPLIT SUPPLY OPERATION 
» LOW POWER CONSUMPTION 

a» SHORT CIRCUIT PROTECTION 

a LOW DISTORTION, LOW NOISE 

a» HIGH GAIN-BANDWIDTH PRODUCT 

a» HIGH CHANNEL SEPARATION 


DESCRIPTION 


The LS204 is a high performance dual operational 
amplifier with frequency and phase compensation 
built into the chip. The internal phase compensation 
allows stable operation as voltage follower in spite 
of its high gain-bandwidth products. 


The circuit presents very stable electrical characte- 
ristics over the entire supply voltage range, and it ; MINIDIP 
particularly intended for professional and telecom (Plastic) 
applications (active filters, etc). : 


PIN CONNECTIONS (top views) 


OUTPUT 
QouTPuT — OuPUT ff 8 [+s a Wh 
7 |e ia ve | 2 


6 ] INV.INP NON INV. 
B INRA 


NON INV. C 
INPA 


“Vs S-3586/1 
(case) . 


_TO-99 Minidip 


ORDER CODES 


LS204 LS2047B See eee LS204M 
LS204A ___LS204ATB ae cess ee eee 
LS204C LS204CTB LS204CB LS204CM 
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LS204 


ABSOLUTE MAXIMUM RATINGS 


Parameter | 10-99 | Minidip | wPackage_| 


Operating Temperature for — 25 to 85°C 
— 55 to 125°C 


0 to 70°C ; 
Le Piste Power Dissipation at Tamp = 70°C 520mW 665mW 400mW 


Junction Temperature 150°C 150°C 150°C 
Storage Temperature — 65 to 150°C | — 55 to 150°C | — 55 to 150°C 


THERMAL DATA 


Thermal Resistance Junction-ambient Max 155°C/W 120°C/W 200°C/W 


ELECTRICAL CHARACTERISTICS (V, =+ 15V, Tamp = 25°C, unless otherwise specified) 


tel oe St Conenens __[ win. [typ. [wax.| min. [Typ. [Max. 


[| Supp Gurent [| SSsS~—~—SsS~Ssf te | 8 | 8 | ml 


a ia Pe ee eee 
Trin < Top < Tmax | | 300 | | 700 | na 


_—Bi_| input Resistenee _[ feanwe ft ff fos |_| wo 
Input Offset Voltage ewe TY tas] [fs pa 


Rg < 10KQ 
Tmin < Top < Tmax 


AVos Input Offset Voltage | Rg = 10KQ mie 
AT Drift Tmin < Top < Tmax 


ee Ee nA 
|Trin<Top<Tmx | | | 40 | | 00 | mv 


“es Input Offset Current | Tmin < Top < Tmax 0.08 0.1 nA 

AT Drift : - = allt 
Output Short Circuit - 23 mA 
Current 


Loop Voltage Gain Ry =2KQ Vs =+ 15V 100 100 

95 95 
Gain-bandwidth f = 20KHz 1.8 1.5 M 
Product 


Vs = 
Hz 
Total Input Noise nV 
Voltage VHz 
26 


{G7 SGS-THOMSON eee he 
S/ MICROELECTRONICS 15 
5 


Gy 


LS204 


ELECTRICAL CHARACTERISTICS (continued) 
| 


oe Test Conamons _[ min. [Typ. 
Typ. |Max.| Min. | Typ. |Max.| 
Distortion Gy = 20dB Rr = 2KQ 0 1 0.1 of, 
Vo = 2Vpp f=1KHZ 
Vo DC Output Voltage Rit =2KQ Vs =t15V |+13 +13 V 
Swing Vs=t 4V 3 +3 
Vo Large Signal Voltage | R_ = 10KQ 
Swing f = 10KHz 
Slew Rate Unity Gain : 
Rp = 2KQ 
bl 
al 


R Common Mode Vi =10V 
Rejection Tmin < Top < Tmax 

R Supply Voltage Vi =1V f = 100Hz 
Rejection Tmin < Top < Tmax 


Channel Separation | f = 1KHz 100 


LS204 LS204A LS204C 


G-3640 


oleae cle aedlcdle 
Ren eeee 
pat esl eal 


0 24 28 +12 416 Vs(V) 
Figure 2 : Supply Current vs. Ambient Figure 3 : Output Short Circuit Current vs. 
Temperature. Ambient Temperature. — 


-50 0 50 100 Tamb(°C) -50 0 50 100 Tamb(©) 
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Figure 4: Open Loop Frequency and Phase  ~ Figure 5: Open Loop Gain vs. Ambient 
Response. . Temperature. . 


deli liek Seiad 
ee eee 
"10 10? 107 S10 S108 10® (Hz) ? -50 0 50 100 Tamb(?C) 
Figure 6 : Supply Voltage Rejection vs. Figure 7 : Large Signal Frequency Response. 
Frequency. 
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ee ce 


10 102. 103 10° 10° f(Hz) 10° 10° 10° (Hz) 
_ Figure 8 : Output Voltage Swing vs. Load Figure 9 : Total Input Noise vs. Frequency. 
es Resistance. 
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APPLICATION INFORMATION 
Active low-pass filter : 


BUTTERWORTH 


The Butterworth is a "maximally flat" amplitude res- 

ponse filter. Butterworth filters are used for filtering 

signals in data acquisition systems to prevent alia- 

sing errors in sampled-data applications and for ge- 

neral purpose low-pass filtering. 

The cutoff frequency, fc, is the frequency at which 

the amplitude response is down 3 dB. The attenua- 

tion rate beyond the cutoff frequency is n6 dB per 

octave of frequency where nis the order (number of 

poles) of the filter. 

Other characteristics : 

e Flattest possible amplitude response. 

e Excellent gain accuracy at low frequency end of 
passband. 


Figure 10 : Amplitude Response. 


és 
HH 

SRE NO 
—HETHINSS Gail 
A SS 
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BESSEL 


The Besselis a type of "linear phase" filter. Because 
of their linear phase characteristics, these filters ap- 
proximate a constant time delay over a limited fre- 
quency range. Bessel filters pass transient 
waveforms with a minimum of distortion. They are 
also used to provide time delays for low pass filte- 
ring of modulated waveforms and as a "running ave- 
rage” type filter. 


-40 


-60 


—nn 
The maximum phase shift is —— radians where n is 


the order (number of poles) of the filter. The cutoff 
frequency, fc, is defined as the frequency at which 
the phase shift is one half of this value. For accurate 
delay, the cutoff frequency should be twice the maxi- 
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mum signal frequency. The following table can be- 


used to obtain the — 3dB frequency of the filter 


| 2 pole|4 Pole|6 Pole|s Pole 


Other characteristics : 

¢ Selectivity not as great as Chebyschev or Butter- 
worth. 

e Very little overshoot response to step inputs. 

¢ Fast rise time. 


Figure 11 : Amplitude Response. 
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CHEBYSCHEV 


Chebyschev filters have greater selectivity than 
either Bessel or Butterworth at the expense of rip- 
ple in the passband. 


Figure 12 : Amplitude Response ( + 1dB ripple). 
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APPLICATION INFORMATION (continued) 


Chebyschev filters are normally designed with peak- 
to-peak ripple values from 0.2 dB to 2 dB. 


Increased ripple in the passband allows increased 
attenuation above the cutoff frequency. 

The cutoff frequency is defined as the frequency at 
which the amplitude response passes through the 


specified maximum ripple band and enters the stop 
band. 


Other characteristics : 

e Greater selectivity 

e Very nonlinear phase response 

e High overshoot response to step inputs 


The table below shows the typical overshoot and settling time response of the low pass filters to a step input. 


Number of 
Poles 
Butterworth : 


Chebyschev (ripple + 0.25dB) 


Chebyschev (ripple + 1dB) 


| 
DODANWIDADANIODAANMIAOA AM 


Peak 
Overshoot 


Settling Time (% of final value) 


+ 0.01% 


1.7/f,sec. 1.9/f.sec. 
2.8/f, 
3.9/f¢ 
5.1/fe 


+ 1% 


1.1/f,sec. 
1.7/f, 
2.4/f, 
3.1/f, 


1.6/f. 
5.4/f¢ 
10.4/f, 
16.4/f, 


1.6/f, 
4.8/f¢ 
8.2/f, 
11.6/f. 


Design of 2nd order active low pass filter (Sallen and Key configuration unity gain-op-amp). 


Figure 13 -: Filter Configuration. 


Co S-3567/2 


Where : 
Wc = Pa fo 
E = damping factor. 


with fc = cutoff frequency 
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APPLICATION INFORMATION (continued) 


Three parameters are needed to characterise the ries of 2~ order sections. A simple RC section is in 
frequency and phase response of a2” order active troduced when an odd filter is required. 


filter : the ier anh the damping factor (€) or the = The choice of ’t’ (or Q-factor) determines the filter 
Q-factor (Q , and the cutoff frequency (fc). response (see table). 


The higher ne responses are obtained wit a se- 


Table 1. 
| a | Cutoff Frequency f, 


; 
2 cm 
1 Frequency at Which Gy =— 3dB 
2 \2 
sacl 
2 


Chebyschev Vo Frequency at which the amplitude response passes 
pale 
2 


through specified max. ripple band and enters the stop 
band. 

Figure 14 : Filter Response vs. Damping Factor. 

G-3650/1 


ond 


a Ne LY 
Eran 
4 Coy \ Fixed R = R1 = R2, we have (see fig. 13) 
o | pe ET Sicts, 2 
eee \\ R We ; 
4 —_Lero707 8 _ 2 
aa om mr mabe AN Co= _— 
aa se R Ee | 
ptf The diagram of fig.14 shows the amplitude re- 
aes ei sponse for different values of damping: factor & in 
ee a 
a eA 
re A 
01 802 05 1 2 5 (tip) 


EXAMPLE 
Figure 15 : 5th Order Low Pass Filter (Butterworth) with Unity Gain Configuration. 
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APPLICATION INFORMATION (continued) 


In the circuit of fig. 15, for fe = 3.4 KHz and The same method, referring to Tab. II and fig. 16, is 
Ri = Ri = Re = Ra = R4 =10 KQ, we obtain : used to design high-pass filter. In this case the dam- 
1 1 ping factor is found by taking the reciprocal of the 

Ci= 1.354 ‘a ome = 6.33nF numbers in Tab. Il. For fe = 5 KHz and Oj = Ci = Ca 


= C3 = C4= 1 nF we obtain: 


1 1 1 1 1 
= 0.421-— -—— =1.97 aes Ema fot TS 
Cie Ole oa ME a G64 °C One oo 
(A | Pe eed ere ee 
C2= 1.793 >= oan. = 8.20nF Ri = 0.421° C Onfe 78.6KQ 
1 1 Be cs es KG 
Ca= 0.309 - > - Onfs =1.45nF ~ 1.753 C 2ntc 
1 1 1 
{ R3=--~—--: = - = 103KQ 
eg iae 0.309 C  2xf 
C4 = 3.325 u Drie 15.14nF . 
The attenuation of the filter is 30 dB at 6.8 KHz and Ra = 3308 ° C Ok = 9.6KQ 
better than 60 dB at 15 KHz. . 


Table 2 : Damping Factor for Low-pass Butterworth Filters. 


7 
[sta [voz [ese | | i 
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~s| tesa | oaer [175 | os00 | sas [dO 
Te |__| eves [1.098 | 0707 | 1414 | oases | oe [| 
7 [4as6 [oes [153 | 0603 | 1608 | ozae [aaa | | 
pe |_| 088 [402 [ oso | 120 | os6s [1.00 | 0195 | 6105 


Figure 16 : 5i, Order High-pass Filter (Butterworth) with Unity Gain Configuration. 
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HIGH PERFORMANCE QUAD OPERATIONAL AMPLIFIERS 


a SINGLE OR SPLIT SUPPLY OPERATION 
a VERY LOW POWER CONSUMPTION 

» SHORT CIRCUIT PROTECTION 

a LOW DISTORTION, LOW NOISE 

a HIGH GAIN-BANDWIDTH PRODUCT 

m HIGH CHANNEL SEPARATION 


DESCRIPTION 


The LS404 is a high performance quad operational 
amplifier with frequency and phase compensation 
built into the chip. The internal phase compensation 
allows stable operation as voltage follower in spite 
of its high gain-bandwidth product. The circuit pre- 
sents very stable electrical characteristics over the 
entire supply voltage range, and it is particularly in- 
tended for professional and telecom applications 
(active filters, etc.). 


The patented input stage circuit allows small input 
signal swings below the negative supply voltage and 
prevents phase inversion when the input is over dri- 
ven. 


CONNECTION DIAGRAM AND ORDERING NUMBERS (top view) 


DIP 14 S0-14 


LS404 = LS404D1 
— -Ls404c LS404CB LS404CD1 


January 1989 


(Plastic 0.25) 


LS404 


SCHEMATIC DIAGRAM (one section) 
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ABSOLUTE MAXIMUM RATINGS 


[Symbol| Parameter =| Sale | Unit 

Input Voltage (positive) + Vs aed 
(negative) —- Vs; —0.5 V 

[Vi | Differential input Voltage SSCSCSC~—~s—iYSSC Wet 

Operating Temperature LS404 
LS404C 0 to + 70 °C 

I Pigts Power Dissipation (Tamb = 70°C) 


THERMAL DATA 


a ed 
| Rthj-amb | Thermal Resistance Junction-ambient Max 200°C/W 200°C/W 


(*) Measured with the device mounted on a ceramic substrate (25 x 16 x 0.6 mm). 
ELECTRICAL CHARACTERISTICS (V, = +12 V, Tamp = 25 °C, unless otherwise specified) 


ymbo Premiele! aah fii |e ih Ta ae 


| ls | Supply Current | 132] |45 | 3 | ma 
=e a eee ed a oa 
| Ri__| InputResistance | f=1kHz | for | 25 | fos | 5 | MO 
| Vos_| Input Offset Voltage | Rg=toKa | tt | tT 


ae Input Offset Voltage Rg = 10 KQ uV/eC 
— 7 | Drift Tmin < Top < Tmax 


Tia [pt Oa Caer eat ne a OO, [20 |e | 


_ Input Offset Current | Tmin < Top < Tmax 0.08 0.1 = 
Drift °C 
Output Short Circuit 23 23 mA 
Current 

Gy Large Signal Open Rit = 2 KQ Vs=t12V 100 100 
Loop Voltage Gain Ves=t4V 95 95 
Gain-bandwidth f = 20 KHz 1.8 1.5 MHz 
Product 


Total Input Noise = 

Voltage = 8 15 10 nV 
= 10 12 VHz 
= 18 20 


Distortion Unity Gain 
Ri =2KQ = 0.01 | 0.04 0.01 % 
Vo =2 Vpp = 0.03 0.03 
Vo DC Output Voltage Ri = 2 KQ Vs=+12V |+10 +10 V 
Swing Vs=t 4V +3 +3 
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ELECTRICAL CHARACTERISTICS (continued) 


Symbol Parameter 


Figure 1: Supply Current VS. Supply Voltage. 


0 +4 £8 412 416 V.(V) 
Figure 3 : Output Short Circuit Current vs. 
Ambient Temperature. 
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Test Conditions 


Vo Large Signal Voltage | f = 10 KHz Rt =10 KQ 
Swing RL = 1KQ 
SR Slew Rate Unity Gain 
Ri =2 KQ 
CMR Common Mode Vi; =10V 94 
Rejection 
SVR Supply Voltage VizlV f = 100 Hz 94 
Rejection 
CS 


| CS | Channel Separation | f=ikHz | too | 20] | t20] |B 


Figure 2 : Supply Current vs. Ambient 
Temperature. 
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1.6 


Figure 4: Open Loop Frequency and Phase 
Response. _ 
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Figure 5: Open Loop Gain vs. Ambient 
Temperature. 
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Figure 7 : Large Signal Frequency Response. 
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Figure 9 : Total Input Noise vs. Frequency. 
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Figure 6 : Supply Voltage Rejection vs. 
Frequency. 
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Figure 8 : Output Voltage Swing vs. nod 
Resistance. 
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APPLICATION INFORMATION 


Active low-pass filter : 


BUTTERWORTH 


The Butterworth is a "maximally flat" amplitude res- 
ponse filter. Butterworth filters are used for filtering 
signals in data acquisition systems to prevent alia- 
sing errors in sampled-data applications and for ge- 
neral purpose low-pass filtering. - 

The cutoff frequency, fc, is the frequency at which 
the amplitude response in down 3 GB. The attenua- 
tion rate beyond the cutoff frequency is - n6 dB per 
octave of frequency where n is the order (number of 
poles) of the filter. 

Other characteristics : 

e Flattest possible amplitude response. 


- e Excellent gain accuracy at low frequency end of 


passband. 


Fi ure 10 : Amplitude Response. 
g p ys p 
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BESSEL 

The Bessel is a type of “linear phase" filter. Because 
of their linear phase characteristics, these filters ap- 
proximate a constant time delay over a limited fre- 
quency range. Bessel filters pass transient 
waveforms with a minimum of distortion. They are 
also used to provide time delays for low pass filte- 
ring of modulated waveforms and as a "running ave- 
rage" type filter. 


The maximum phase shift is — radians where 


nis the order (number of poles) of the filter. The cut- 
off frequency, fc, is defined as the frequency at which 
the phase shift is one half to this value. For accurate 
delay, the cutoff frequency should be twice the maxi- 


mum signal frequency. The following table can be 
used to obtain the — 3 dB frequency of the filter. 


[____ [2 poe[s Pots Pave q P 


Other characteristics : 

¢ Selectivity not as great as Chebyschev or Butter- 
worth. 

e Very small overshoot response to step inputs. 

e Fast rise time. 


Figure 11 : Amplitude Response. 


CHEBYSCHEV 


Chebyschev filters have greater selectivity than ei- 


’ ther Bessel or Butterworth at the expense of ripple 


in the passband. 


Figure 12 : Amplitude Response ( + 1 sa B ripple), 
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APPLICATION INFORMATION (continued) 


Chebyschev filters are normally designed with peak- 
to-peak ripple values from 0.2 dB to 2 GB. 


Increased ripple in the passband allows increased 
attenuation above the cutoff frequency. 


The cutoff frequency is defined as the frequency at 
which the amplitude response passes through the 


.LS404 


specified maximum ripple band and enters the stop 
band. ” . 


Other characteristics : 

¢ Greater selectivity. 

¢ Very nonlinear phase response. 

e High overshoot response to step inputs. 


The table below shows the typical overshoot and setting time response of the low pass filter to a step input. 


. Peak ee ; 
Number of Settling Time (% of final value) 


Poles 


Butterworth 


Bessel 


Chebyschev (ripple + 0.25dB) 


2 
4 
6 
8 


Chebyschev (ripple + 1dB) 


2 
4 
6 
8 
2 
4 
6 
8 
2 
4 


6 
8 


% Overshoot # 0.01% 


4 
11 
14 
16 

0.4 


1.1/f. sec. 
1.7/fe 
2.4/fo 
3.1/f¢ 


1.9/f, sec. 


1.7/fe sec. 
; 3.8/f, 


2.8/f, 
3.9/f¢ 
5.1/fe 


1.6/fc 
5.4/fc 
10.4/fc 
16.4/fc 


2.7/fc 
8.4/fc 
16.3/fc 
24.8/ic 


1.6/fc 
4.8/fc 
8.2/fc 
11.6/fc 


Design of 2" order active low pass filter (Sallen and Key configuration unity gain op-amp). 


Figure 13 : Filter Configuration. 


I 
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Where : 


wc = Qt fe 


with fc = cutoff frequency 


€ =damping factor. 
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APPLICATION INFORMATION (continued) 


Three parameters are needed to characterize the ries of 2" order sections. A simple RC section is in- 
frequency and phase response of a 2™ order active troduced when an odd filter is required. 

filter : the gain (Gy), the damping factor (€) or the Q- 
factor (Q = (2 €)'), and the cutoff frequency (fc). 
The higher order responses are obtained with a se- 


Table 1. 


Filter Response a Cutoff Frequency f, : 
3 


Bessel ‘Y3 4 Frequency at which Phase Shift is — 90°C 
2 3 

Butterworth { Frequency at which Gy =— 3dB 
2 2 


Chebyschev Jo 1 Frequency at which the amplitude response passes 
<9. >p through specified max. ripple band and enters the stop 


The choice of ’€’ (or Q-factor) determines the filter 
response (see table). 


Figure 14 : Filter Response vs. Damping Factor. 


G-3650/1 


Fixed R = Ri = Re, we have (see fig. 13) 


ES 3 
Ci A ae 
ANE es el 
Ht AA Rs Ee 
HH The diagram of fig.14 shows the amplitude re- 
sponse for different values of damping factor € in 2" 
01 02 05 1 2 5 (f/f) order filters. 


EXAMPLE 
Figure 15: 5"" Order Low Pass Filter (Butterworth) with Unity Gain Configuration. 
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APPLICATION INFORMATION (continued) 


In the circuit of fig. 15, for fe = 3.4 KHz and The same method, referring to Tab. II and fig. 16, is 
| Ri= Ri = Re =R3 = Ra =10 KQ, we obtain : used to design high-pass filter. In this case the dam- 
| { an ping factor is found by taking the reciprocal of the 

Cj= 1.354 - ot = ee 6.33nF numbers in Tab. Il. For fe = 5 KHz and Cj = Ci = Ca 
: = C3 = C4= 1 nF we obtain: . 
C,=0.421- 2. 21.97nF Riel. 2295Ko 
R 2rfc 1.354 C 2ntfe 
Co eee = = 8.20 nF Pies yee = 75.6 KQ 
: R 2rfc ; 0.421 C 2nfe ° 
C7200 SS ee Re eo ke 
R= arte 1.753 C  2ntfc 
1 1 1 
C4 = 3.325. Eu . alice =15.14 nF R38=5309° 7G " One = 103 KQ 
R= 2atfe 
The attenuation of the filter is 30 dB at 6.8 KHz and R4a= get Ue, 9.6 KQ 
better than 60 dB at 15 KHz. 3.325 C antic 


Table Il: —— Factor for —_— Butterworth ies 


ae eee 
[3 | tee [ose [ase [|p | |i 
[4 |_| ose | 108 [oss [ae [|| sd 
[~s | 1354 | oar | 175 | oso | azss [| [| id 
Ts |_| 0266 [1005 [0707 taia | oase [ace || 
7 [1988 [0408 | tsa | ose | 1.604 [ oz | aaa || 
[es [| ose [ te | oes | 120 | osse | 1.00 | o1es | 5125 


Figure 16: 5" Order High-pass Filter (Butterworth) with Unity Gain Configuration. 
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APPLICATION INFORMATION (continued) 
Figure 17 : Multiple Feedback 8-pole Bandpass Filter. 
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fe = 1.180 Hz; A=1 ; Co = Cg = C5 = Cg = Cg = Co = C0 = C11 = 3.300 PF ; 
Ri = Re = Ro = Ri2 = 160 KQ ; R5 = Rg = Ri = R14 = 330 KQ ; Ra = R7 = Rio = R13 = 5.3 KQ 
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Figure 18 : Frequency Response of Band-pass Figure 19 : Bandwidth of Band-pass Filter. 
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Figure 20 : Six-pole 355 Hz Low-pass Filter (chebychev type). 


This is a 6-pole Chebychev type with + 0.25 dB rip- 55 dB at 710 Hz and reaches 80 cB at 1065 Hz. The 
ple in the passband. A decoupling stage is used to in band attenuation is limited in practice to the 
avoid the influence of the input impedance on the + 0.25 dB ripple and does not exceed 0.5 dB at 
filter's characteristics. The attenuation is about 0.9 fc. 
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Figure 21 : Subsonic Filter (Gy = 0 dB). 


Figure 22 : High Cut Filter (Gy = 0 dB). 
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~ TEB1033 
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BIPOLAR DUAL OPERATIONAL AMPLIFIERS 


a LOW DISTORTION RATIO . 

a LOW NOISE 

a VERY LOW SUPPLY CURRENT 

a LOW INPUT OFFSET CURRENT 

a VERY LOW INPUT OFFSET VOLTAGE 

s LARGE COMMON-MODE RANGE 

= HIGH GAIN 

a HIGH OUTPUT CURRENT 

a GAIN-BANDWIDTH PRODUCT : 2.5 MHz 

a TEMPERATURE DRIFT : 2 uV/°C 

a LONG TERM STABILITY : 8 pnV/YEAR 

(for Tamb <50 °C) 

s THE TEB1033 AND TEF1033 ARE PIN TO PIN 
REPLACEMENT OF THE LS204C AND LS204 
RESPECTIVELY 


DESCRIPTION 


The TEB1033, TEF1033 and TEC1033 are high 

performance dual-operational amplifiers intended 

for active filter applications. The internal phase com- 

| pensation allows stable operation as voltage follo- 
wer in spite of their high gain-bandwidth products. 

. The circuits present very stable electrical characte- 
ristics over the entire supply voltage range. 


PIN CONNECTIONS (top views) 
DIP8/SO8 


- Output 1 

- Inverting input 1 

- Non-inverting input 1 
-Vcc 

- Non-inverting input 2 
- Inverting input 2 

- Output 2 

-Véc 


4 
2 
3 
4 
5 
6 
7 
8 


December 1988 


(Plastic Package) 


ORDERING INFORMATION 


Temperature 


~ Part 
Number 


1-NC 
2 - Output 1 
3-NC 
4-NC 
5 - Inverting input 1 
6-NC 
7 - Non-inverting input 1 
8-NC 
9-NC 
10-Voe> 


TEB1033 0 °C to + 70 °C 


TEF1033 — 40 °C to + 105 °C 
TEC1033 — 55 °C to + 125 °C 


Examples :TEB1033N, TEC1033GC 


(Plastic Micropackage) 


(Tricecop (LCC)) 


LN |b | ac | 


-NC 
- Non-Inverting input 2 
-NC 


- Inverting Input 2 
-NC 
- Output 2 


TEB1033-TEF1033-TEC1033 


ABSOLUTE MAXIMUM RATINGS 


unit 
ase A 


Prot Power Dissipation 
TEB1033D, TEF1033D 
TEB1033N 
TEC1033GC 


Toper Operating Free-air Temperature Range °C 
TEB1033 0 to + 70 
TEF1033 — 40 to + 105 
TEC1033—- — 55 to + 125 


— 55 to + 150 


BLOCK DIAGRAM 


Storage Temperature Range 


(1/2 TEB1033) 


Non-inverting 
input 


Inverting Non-inverting 
Inputs Inputs 


* LCC20 : Other pins are not connected. 
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TEB1033-TEF1033-TEC1033 


ELECTRICAL CHARACTERISTICS 


Voc = +15 V (unless otherwise specified) 

TEC 10383 : -—55<Tamp $+ 125 CT - 
TEF 1033 : —40<Tamp <+ 105°C 

TEB 1033 : O<Tamb $+ 70 


TEB 1033 
TEF 1033 
TEC 1033 


* Parameter 


Input Offset Voltage 
Tamb = 25 °C (RS < 10 kQ) 
Tmin s Tamb < Tmax 


3 
Input Offset Voltage Drift ff | perc | 


Input Offset Current nA 
Tamb = 25 °C 20 
T min S Tamb S Tmax 40 
Input Bias Current nA 
Tamb = 25 °C 100 
Tmin = Tamb S T max 200 
Ava Large Signal Voltage Gain V/imV 
(RL =2 kQ, Vo =+ 10 V) 
Tamb = 25 °C 100 300 
Tmin S Tamb < Tmax 100 
SVR Supply Voltage Rejection Ratio 
DVcc fromt+ 15Vto+4V 
Tamb = 25 °C 100 110 
Tmin S Tamb < Tmax 100 
Supply Current, all Amp, no Load 
‘Temp = 25 °C 
T min s Tamb Ss Tmax 


Common Mode Rejection Ratio 
(Rs < 10 kQ, Vj =+ 10 V) 
Tamb = 25 °C 

Tin = Tamb S Tmax 


Output Short-circuit Current 
Tanib = 25 °C 
T min s Tamb Ss T max 


Output Voltage Swing 
Tamb = 25°C 
T min < Tamb s Tmax 
Veco =£4V, Ri =2 KQ 
Voc =£6V, Rr =600 Q 


Slew-rate (Vj =+ 10 V, Ry =2 kQ, Cy < 100 pF, Tamb = 25 °C, 
unity gain) 


13 
12 
2.8 
4.6 
Gain Bandwidth Product 
(f = 100 KHz, Tamb = 25 °C, Vin = 10 mV, Ri = 2 kQ, ‘ 


C. = 100 pF) 
Input Resistance (Tamp = 25 °C) 


Kj SGS-THOMsoN ool 


MICROELECTROMICS 
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TEB1033-TEF1033-TEC1033 


C 


ELECTRICAL CHARACTERISTICS (continued) 


TEB 1033 
TEF 1033 
| Min, | Typ. | Max. | 
Total Harmonic Distortion 0.008 % 
(f = 1KHz, Ay = 20 dB, Ry =2 kQ 
CL < 100 pF, Tamb = 25 °C. Vo = 2 Vpp) 


Equivalent Input Noise Voltage 
(f = 1 KHz) 
Rs =50Q 8 15. | nV/VHz 
Rs = 1 kQ - 10 
Rs =10 kQ 18 
LIM ce 


Large Signal Voltage Swing 98 

R_ =10 kQ, f = 10 KHz 

Phase Margin | | 45 | [Degrees 
Channel Separation 100 120 PB 


1.20 


20 
TEMP (°C) 


SUPPLY CURRENT VS. AMBIENT TEMPERATURE E88TEB1033-02 


= L577 8SS:THOMSON 


MICROELECTROMICS 
538 


TEB1033-TEF1033-TEC1033 


cc (mA) 


: Pld |. S| 


1.10 


1.00 


0.90 
0.80 
0 2 4 6 8 10 12 14 16 18 20 22 
+ /— VS (V) 
SUPPLY CURRENT VS. SUPPLY VOLTAGE E88TEB1033-03 
Violmv) 
0.50 


0.40 


0.30 


0.20 


0.10 


i¢) 
TEMP (C%) 
OFFSET VOLTAGE VS. AMBIENT TEMPERATURE 
E88TEB1033-04 
/ 
{7 SGS-THOMSON - a ee ee 
Id icROELECTROMICS 
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TEB1033-TEF1033-TEC1033 


SE (nV/VHz2) 


NO 


=== = Se 


ES Gen Se ET SS CED OEE GEE GEE = 


eee? GRR RSE REEY 


OY NN - o a ao .f Oo wm < ~ N = 


~ 7~ - - 


100000 


FREQ. (Hz) 


— = 


E88TEB1033-05 


TOTAL INPUT NOISE VS. FREQUENCY 


GBP (MHz) 


GAIN BANDWIDTH PRODUCT VS. FREQUENCY 


E88TEB1033-06 


MICROELECTRONICS 


ky SGS-THOMSON 
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540 


- TEB1033-TEF1033-TEC1033 


FREQ. (kHz) 


BODE PLOT 


E88TEB1033-07 


_ TYPICAL APPLICATION 


LOW-PASS FILTER 
2 


E88TEB1033-08 


Wc = 2 7 fc, with fc = cutt-off frequency 


€ = damping factor 


; 7/9 
MSON _ 

ky S& ote non 
541 


TEB1033-TEF1033-TEC1033 


PACKAGE MECHANICAL DATA 
8 PINS — PLASTIC DIP 


(1) Nominal dimension 


(2) True geometrical position 


8/9 
a ee SGS-TH 
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, | : | TEB1033-TEF1033-TEC1033 


20 PINS — TRICECOP (LCC) 


20 Pins 


LF SGS-THOMSON esse eee se ee 
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f . SGS-THOMSON TEB4033 
7 WicROELECTROMICS ©TEF4033 - TEC4033 


BIPOLAR QUAD OPERATIONAL AMPLIFIERS 


s LOW DISTORTION RATIO 
 g LOWNOISE 
| VERY LOW SUPPLY CURRENT 
» LOW INPUT OFFSET CURRENT 
» VERY LOW INPUT OFFSET VOLTAGE 
» LARGE COMMON-MODE RANGE 


- g HIGH GAIN N 

| m HIGH OUTPUT CURRENT S014 
a GAIN-BANDWIDTH PRODUCT : 2.5 MHz (Plastic Package) (Plastic Micropackage) 
=» TEMPERATURE DRIFT : 2 pV/°C J 
a LONG TERM STABILITY : 8 uV/YEAR _ _ CERDIP14 


(for Tamb < 50 °C) (Cerdip Package) 

a» THE TEB4033 AND TEF4033 ARE PIN TO PIN 

REPLACEMENT OF THE LS404C AND LS404 
RESPECTIVELY 


(Tricecop (LCC)) 


DESCRIPTION ORDERING INFORMATION 


The TEB4033, TEF4033 and TEC4033 are high Part Temperature 
performance quad-operational amplifiers intended Number Range [nN |p ac 


for active filter applications. The internal phase com- 
TEB4033 0 °C to + 70 °C 
TEF4033 |-— 40°C to +105 °C 
TEC4033 |—55 °C to+ 125 °C 


pensation allows stable operation as voltage follo- 
Examples : TEB4033N, TEC4033GC 


wer in spite of their high gain-bandwidth products. 


The circuits present very stable electrical characte- 
ristics over the entire supply voltage range. 


PIN CONNECTIONS (top views) 


DIP14/CERDIP14. 


Output 1 Output 4 
inverting input 1 Inverting input 4 


Non-inverting input 1 Non-inverting input 4 


1 
9 10 1112 13 


Véc Vc 11-NC 
Non-inverting input 2 Non-inverting input 3 2 - Output 1 12 - Output 3 
inverting input 2 Inverting input 3 3- inverting input 1 13 - Inverting input 3 
Output 2 Output 3 4 - Non-inverting input 1 - Non-inverting input 3 
5-NC -NC 
6 - Voc - Vee 


7-NC -NC 
8 - Non-inverting input 2 - Non-inverting input 4 
9 - Inverting input 2 - Inverting input 4 

10 - Output 2 - Output 4 


\ 
| 
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TEB4033-TEF4033-TEC4033 


ABSOLUTE MAXIMUM RATINGS 


Symbol 
V Supply Voltage 


Input Voltage 
Differential Input Voltage 


Power Dissipation 
TEB4033D, TEF4033D 
TEB4033N, TEF4033N 
TEC4033GC 


Toper | Operating Free-air Temperature Range 
TEB4033 0 to + 70 
TEF4033 — 40 to + 105 
| TEC4033 — 55 to + 125 


Storage Temperature Range 


BLOCK DIAGRAM 


inverting 
input 


E88TEB4033-01 


Inverting |Non-inverting - 7 
ao | ommen | ae Pm] vee we | we 


DIP14 

1,7 2,6 3,5 

CERDIP14 ; 4 11 

S014 aes pe fw 
2,10 3, 9 4, 8 


*LCC20 : Other pins are not connected. 


ia ee {i SGS-THOMSON 
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TEB4033-TEF4033-TEC4033 


ELECTRICAL CHARACTERISTICS 


Voc = +15 V (unless otherwise specified) 
TEC 4033: -55<Tamp $+ 125 CT 
TEF 4033: -40<Tamp <+ 105 CT 
TEB 4033 : 0 <Tamb $+ 70° 


TEB 4033 
TEF 4033 


Parameter 


Input Offset Voltage 
Tamb = 25 °C (Rs < 10 kQ) 
Tmin S$ Tamb S$ Tmax 

Input Offset Voltage Drift 


Input Offset Current | 


Lamp = 25 °C 

T min S Tamb s Tmax 

Input Bias Current 

Tamb = 25 °C 

Tmin < Tamb < Tmax 
Large Signal Voltage Gain 
(R- =2 kQ, Vo =+ 10 V) 
Tamb = 25 a : 

T min < Tamb < Tmax 


> 


100 
200 
VimV 


SVR Supply Voltage Rejection Ratio , 
DVcc from+ 15Vto+4V - 
Tamb = 25 °C 100 110 
Tmin S Tamb S Tmax 100 
loc Supply Current, all Amp, no Load m 


Tamb = 25 °C 
Tmin < Tamb S Tmax 


V) Input Voltage Range 
Tamb = 25 °C -—12 +12 


CMR_ | Common Mode Rejection Ratio 
(Rs < 10 kQ, V; =+ 10 V) 
Tamb = 25 °C 
T min < Tamb < T max 


| 


pe 


Output Short-circuit Current 
Tambo = 25 °C 


T min s Tamb s T max 


Output Voltage Swing 
Tamb = 25 °C Rp =2kQ 
Tmin S$ Tamb < Tmax Rt =2 kQ 
Veco =£4V, RL =2 kQ 

Voc =£6 V, Rr = 600 Q 


Svo Slew-rate (Vj; =+ 10 V, Rp =2 kQ Cy < 100 pF, Tamb = 25°C, 
unity gain) 


GBP Gain Bandwidth Product 
(f = 100 KHz, Tamb = 25 °C, Vin = 10 mV, Ri =2 kQ, © 1.8 2.5 3.2 MHz 
Cr. = 100 pF) 


Input Resistance (Tamb = 25 °C) 


Kj S&S-THOMSON ee ee ee 
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TEB4033-TEF4033-TEC4033 


ELECTRICAL CHARACTERISTICS (continued) 


TEB 4033 
TEF 40 
Symbol Parameter TEC sie 
| Min. | Typ. | Max. | 
THD 


Total Harmonic Distortion 0.008 % 
(f = 1KHz, Ay = 20 dB, RL =2 kQ 
CL < 100 pF, heen = 25 °C, Vo = 2 Vpp) 


Vn Equivalent Input Noise Voltage 
(f = 1 KHz) 
Rs =50 9 8 15. | nVNHz 
Rs =1 kQ 10 
Rs =10 kQ 18 


Vopp | Large Signal Voltage Swing 26 y, 
Ri = 10 kQ, f = 10 KHz 
| om | Phase Margin 
Channel Separation 


1 cc (MA) 
2.60 


2.40 
2.20 


2.00 


1.80 


140 


1.20 


TEMP (°C) 


SUPPLY CURRENT VS. AMBIENT TEMPERATURE E88TEB4033-02 


4/9 , 

et = ee ee ee { SGS-THOMSON 
BIT imcnosecrromes 
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78 4099-TEF4039-TECAOIS 
| 


icc (MA) 
2.10 


, 2.00 


180 
1.70 


1.60 


+/-—VS (V) 


SUPPLY CURRENT VS. SUPPLY VOLTAGE E88TEB4033-03 


Vio (mv) 

0.50 | 
| , | 
| 

| | 
~ 0.40 

| | . 
! ed a 

: 0.30 wo | —__1—____| = 
g 

| 

| za — 


105 125 
TEMP (°C) 


OFFSET VOLTAGE VS. AMBIENT TEMPERATURE 


E88TEB4033-04 


G7 SGS-THOMSON ieee ee 
Sf] MICROELECTRONICS 
5AQ 


TEB4033-TEF4033-TEC4033 


SE (nV/VHz) 


NO 


om N = OM arRK © Hh t€ MN &K& OO” 
- = - & 


FREQ. (Hz) 


Rae? Ace eee ee? 


E88TEB4033-05 


TOTAL INPUT NOISE VS. FREQUENCY 


GBP (MHz) 


10000 


1000 


100 


(kHz) 


FREQ 


E88TEB4033-06 


GAIN BANDWIDTH PRODUCT VS. FREQUENCY 


MICROELECTRONICS 


ky SGS-THOMSON 
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TEB4033-TEF4033-TEC4033 


GAIN (DB) 


7) 
ug 
uy 
io 
oO 
uw 
Q 
tu 
Ww) 
< 
<= 
a. 


FREQ. (kHz) 


E88TEB4033-07 


BODE PLOT 


TYPICAL APPLICATION 


jem 
= 
— 
ik 
7] 
< 
= 
= 
Oo 
J 


E88TEB4033-08 


off frequency 


= Cutt- 


2 7 fc, with fc 


Wc 


damping factor 


6 


Sr SGS-THOMSON 
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TEB4033-TEF4033-TEC4033 


PACKAGE MECHANICAL DATA 
14 PINS — PLASTIC DIP OR CERDIP 


(1) Nominal dimension 
(2) Exact geometrical dimension 


aCe 


1 4 Outputs 


se SGs-THOMSON 
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TEB4033-TEF4033-TEC4033 


20 PINS — TRICECOP (LCC) 


20 Outputs 


Oe s-THomson CC‘ COSC 
4 wcRozLectRowes 
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kw, SGS-THOMSO , 
>| | a bh TS271 


CMOS SINGLE OPERATIONAL AMPLIFIERS . 


» OFFSET NULL CAPABILITY (by external com- 
pensation) 


a SYMMETRICAL OUTPUT CURRENTS 
a HIGH GAIN BANDWIDTH PRODUCT 
» THE TRANSFER FUNCTION IS LINEAR 


» CONSUMPTION CURRENT AND DYNAMIC 
PARAMETERS ARE STABLE REGARDING 
THE VOLTAGE POWER SUPPLY VARIA- 


TIONS (Plastic Package) 
» DYNAMIC CHARACTERISTICS ADJUSTABLE J 
BY Iset CERDIP8 


= VERY LARGE Iset RANGE (Cerdip Package) 


a PINCOMPATIBLE TO SINGLE OPERATIONAL 
AMPLIFIER (UA776) 


a» STABLE AND LOW OFFSET VOLTAGE 
a INTERNAL ELECTROSTATIC DISCHARGE 


(ESD) PROTECTION CIRCUITS : a 
» THREE INPUT OFFSET VOLTAGE SELEC- (Plastic Micropackage) 


TIONS : STANDARD (10 mV), A (5 mV), 
B (2 mV) 


(Ordering Information at the end of the datasheet) 


PIN CONNECTIONS (top view) 


DESCRIPTION 


The TS271 is a low cost, low power single operatio- 
nal amplifier designed to operate with single or dual 
supplies. This operational amplifier uses the SGS- 
THOMSON Microelectronics silicon gate LIN MOS 
process giving it an excellent consumption-speed 
ratio. This amplifier is ideally suited for low 


consumption applications. E88TS271-01 
The power supply is externally programmable with — Offset null 1 

a resistor connected between pins 8 and 4. It allows ee 

to choose the best consumption-speed ratio and the — Inverting Input 
consumption can be minimized according to the — Non-inverting input 
needed speed. These devices are specified for the ~VCC" 


following Iset current values : 1.5 WA, 25 HA, 130 LA. 


— Offset null 2 
The input impedance is similar to the J-FET input Out 
impedance : very high input impedance and extre- — Ouiput 
mely low input offset and bias currents. They allow —Vcc" 
to minimize the static errors in low impedance ap- 


one —Iset 
plications. 
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T8271 


BLOCK DIAGRAM 


Output 
stage 


Input Output 


differential 


Iset Input 
E88TS271-02 


ABSOLUTE MAXIMUM RATINGS 


T Operating Free-air Temperature ; 
BERG | acer : TS271C 0 to 70 : 
TS2711 - 40 to 105 C 
TS271M - 55 to 125 
°C 


Storage Temperature - 65 to 150 fer «| 
| ser | IrRange 1 to 200 


Notes:1. All voltage values, except differential voltages, are with respect to network ground terminal. 
2. Differential voltages are at the noninverting input terminal with respect to the input terminal. 
3. |The magnitude of the input voltage must never exceed the magnitude of the positive supply voltage. 


uA 


OPTIMAL OPERATING CONDITIONS 


Supply Voltage (note 1) 4 to 10 


Common-mode Input Voltage Vcc = 10 V 


2/10 {7 SGS-THOMSON 
7 McROELECTROMECS 
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TS271 


SCHEMATIC DIAGRAM 


Oly 


z 
indjino 


| | tiNu 39S34O al 


yuad 
= = 
Tag 


no as 


E88TS271-03 
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T$S271 


RESISTOR BIASING 


OFFSET VOLTAGE NULL CIRCUIT 


E88TS271-05 


Rset CONNECTED TO Vcc_ 


E88TS271-04 


OFFSET COMPENSATION GUARANTEED FOR 


(Rset VALUE : SEE FIG. 1) 


Rset CONNECTED 
TO GROUND 


TS271BCX (Iset > 25 WA), TS271ACX (Iset > 90 LA) 


Figure 1 : Rset Connected to Vcc.. 


set 


E88TS271-06 


MICROELECTRONICS 


! ky SGS-THOMSON 
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TS271 


ELECTRICAL CHARACTERISTICS 
Tamb = 25 °C, Voc = 10 V, Iset = 1.5 WA (unless otherwise specified) 


R, Connected to Voc 7 
TS271C TS2711, TS271M 


Vio Input Offset Voltage mV 

V6 =14V 

TS271 10 

Tyiit < T < nak 12 

TS271A 5 

Tain: 1 = hes 6.5 

TS271B - ie 

Tmin < T < Tmax__ 


Input Offset Current 
Vi=5V, Vo =5V 
Tmin< T < Tmax 100 200 
oo Bias Current 
=5V,V,=5V 
Tha < T < Tmax 150 300 
8.7 7nE 8.6 ° Te 


15 
18 


High Output Voltage (note 1) 
V; =10 mV 

Ri =1mQ 
Tmin < T < Tmax 
Large Signal Voltage Gain 
Vo=1Vto6bV 

Vi=5V 
Rr =1mQ 
T min <T< Tmax 
Gain Bandwidth Product 
Ay = 40 dB 

Ri =1 MQ 

C. =100 pF 

fin = 10 KHz 


SVR- Sani Voltage Be Ratio 
Vec =5 Vto 10 V 
Vo =14V 


Supply Current (per amplifier) 
Ay =1, no Load 
Vo = 5 V, Vi = 5 V 


Tin <T< Tmax 


Output Current 
Vi =10 mV, V, =0V 45 45 
Is Output Current 
(Sink) V,=- 10 mV, Vo = Vcc 35 45 35 45 6 


| Svo_| Slew Rate at Unity Gain | ff oo4 | | 0.04 Vins 


Phase Margin at Unity Gain Degrees 
= 40 dB 
= 35 35 
= F 10 10 


Kov Overshoot Factor % 
C_ =10 pF 40 40 
CL = 100 DF 70 70 
ae = aaa) O 


Note: 1. Low output voltage is less than 50mV. 


ao 
co) 
— 
() 
() 
Gd 
oO 
= 
Oo 
i) 


i 


7, SGS-THOMSON ae ee 
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T8271 


ELECTRICAL CHARACTERISTICS 
Tamb = 29 °C, Veg = 10 V, Ige¢ = 25 WA (unless otherwise specified) 


Ry Connected to Voc ™ 
TS271C TS2711, TS271M 


Vio Input Offset Voltage mV 

Vo =14V 

TS271 10 
Tinin < a < may 12 
TS271A 
Tmin < | < Tmax ' : 6.5 
TS271B : 
Tmin <T< T max . 3.5 


Temperature Coefficient of Input Voltage | | 2 | #2x| | 2 | [ pvec | 


Nik ay ght 


Tae < < Tae 


ies iy oy ey pA 
= 1 1 
ae < T < To 150 300 
High Output Voltage (note 1) 
Vi; =10 mV 


Ri = 100KQ 
Tmin < 1 < Tmax 


Large Signal Voltage Gain 
to6 V 


=5V 


Gain Bandwidth Product 
v= 40 dB 
Ry, = 100 KQ 
Cy = 100 pF 
fin = 100 KHz 


Common-mode Rejection Ratio ) 
Vo =14V 

Vi=1Vto74V 

Supply Voltage Rejection Ratio ; 
Vcc =5 Vto10V 


Sua Current rae mA 
e ny V, =- 10 mV, Vo = Vcc 35 45 65 35 45 65 
Slew Rate at Unity Gain Pf op || fs 


Phase Margin at Unity Gain 

Ay = 40 dB 

Ri =100 KQ 

CL = =10 pF 
F 


om 


Note: 1. Low output voltage is less than 50mV. 
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TS271 


ELECTRICAL CHARACTERISTICS 
Tamb = 2D °C, Vec = 10 V, Ise = 1380 WA (unless otherwise specified) 
R_ Connected to Voc ~ 


ome] ee 


Vio Input oe Voltage mV 
Vo = 1.4 
T8271 : 10 10 
Tmin < T < Tmax 12 12 
5 5 
i 6.5 6.5 
aa oe 
Tin <T< Tmax 


| a Vio | Temperature Coefficient of Input Voltage | || 5 eas eee cs ee oe 


Input Offset Current pA 
V, = 5 V, Vo = 5 V 
Tmin < T < Tmax 100 


ap Bias ale 

= 5 V, Vo = 
Tha <le< a 
High et Voltage (note 1) 
Vj = 10 
Ri. =10 ye 
Tmin < T < Tmax 
Large Signal Voltage Gain 
V;=5V 


Vb 


& 


> 
< 
a 


Tmin < T < Tmax 


Gain Bandwidth Product 
Ay = 40 dB 
ae =10KQ 
Ci = 100 pF 
fin = 200 KHz 


ee Te Rejection Ratio 
= 7 v i" 74V 


Spo ee erro Ratio 
eos = 
Vo =1 ’ vo 
Supply seal hg amplifier) 
Ay =1, noL 


~ N = va 
=) to nn 


cc 


Vi 2b. yay 
Trine te hae 


a fo) [e0) 


Output Current 


mA 
V;=10 mV, Vp =O V 45 85 45 85 
Output Current mA 
(Sink) V; =- 10 mV, Vo =Vec 35 45 65 35 |. 45 


Svo_| Slew Rate at Unity Gain ae es ae p45 [| ws | 


Phase Margin at Unity Gain 
Ay = 40 dB 
Ri. = 10 KQ 


7 F 
Overshoot Factor % 
: = 10 pF 30 30 
C. = 100 pF 30 30 
ie ee Noise Voltage V/NH: 
30 30 nV/VHz 
ae = HA oO 


Note : 1. Low output voltage is less than 50mV. 


“a = 
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T$271 


GAIN (dB) 


Iset = 130 LA 


N 
a 
>~ 
5) 
Zz 
ci 
2 
oO 
uu 
oa 
ics 


10M 


1M 


100K 


10K 


E88TS271-07 


OPEN LOOP FREQUENCY RESPONSE AND PHASE SHIFT 
Veco t5V, RL =10 KQ, CL =100 pF, Tamp = 25°C 


* FREQUENCY (Hz) 


1M 


100K 


10K 


SN 


= 
— 
. 
< 
v) 


Iset = 25 uA 


OPEN LOOP FREQUENCY RESPONSE AND PHASE SHIFT 


Vcc £5 V, Ry = 100 K&2, Cy = 100 pF, Tamp 


E88TS271-08 


25°C 


GAIN (dB) 


8 $8 8 © F © 8g 
ss OO UNDCU - N 


Iset = 1.5 WA 


] 


NN 
= 
Pod 
O 
2 
Wu 
> 
oO 
Ww 
a 
LL 


1M 


100K 


10K 


OPEN LOOP FREQUENCY RESPONSE AND PHASE SHIFT 


E88TS271-09 


= 25°C 


5 V, RL =1 MQ, Cr =100 pF, Tamb 


nS 


Vcc 


MICROELECTRONICS 


ky SGS-THOMSON 
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TS271 


ORDERING INFORMATION 


Part Number | 'eMperature 


Range°c [N | D | J 


TS271C 0 to +70 
TS271AC 0 to + 70 
TS271BC 0 to + 70 
TS271I - 40 to + 105 
TS271M - 55 to + 125 
TS271Al - 40 to + 105 
TS271AM - 55 to + 125 
TS271Bl - 40 to + 105 
TS271BM - 55 to + 125 


Examples : ¥S271 ACN, TS271 CD 


PACKAGE MECHANICAL DATA 
8 PINS — PLASTIC DIP OR CERDIP 


‘(1) Nominal dimension 
(2) True geometrical position 


8 pins 


(Gy SGS-THOMSON ee ere ey ree er 8) 
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T8271 


PACKAGE MECHANICAL DATA (continued) 
8 PINS — PLASTIC MICROPACKAGE SO 


Hy Outputs 


OO ae oe tp A (G7 SGS-THOMSON 
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TS272 


ky mera patie TS27M2/TS27L2 


MICROELECTRONICS 


CMOS DUAL OPERATIONAL AMPLIFIERS 


a EXCELLENT PHASE MARGIN ON CAPACI- 
TANCE LOADS 


» SYMMETRICAL OUTPUT CURRENTS 


» HIGH GAIN BANDWIDTH PRODUCT FOR 
TS272 


a LOW OUTPUT DYNAMIC IMPEDANCE 
a THE TRANSFER FUNCTION IS LINEAR 


» PINCOMPATIBLE TO STANDARD DUAL OPE- 
RATIONAL AMPLIFIERS (TLO82 - LM358) 


» STABLE AND LOW OFFSET VOLTAGE 


a» INTERNAL ELECTROSTATIC DISCHARGE 
(ESD) PROTECTION CIRCUITS 


« THREE INPUT OFFSET VOLTAGE SELEC- 
TIONS : STANDARD (10 mV), A (5 mV), 
B (2 mv) ° 


DESCRIPTION 


The TS272 series are low cost, low power dual ope- 
rational amplifiers designed to operate with single 
or dual supplies. These operational amplifiers use 
the SGS THOMSON Microelectronics silicon gate 
LIN MOS process giving them an _ excellent 
consumption speed ratio. These series are ideally 
suited for low consumption applications. 


Three power consumptions are available allowing 

to have always the best consumption-speed ratio. 

¢ Icc =10 uA per amplifier : TS27L2 (Low bias ver- 
sions) 

¢ Icc = 150 yA per amplifier : TS27M2 (Medium 
bias versions) 

* Icc = 1 mA per amplifier : TS272 (High bias ver- 
sions) 


The input impedance is similar to the J-FET input 
impedance. Very high input impedance and extre- 
mely low input offset and bias currents. They allow 
to minimize the static errors in low impedance ap- 
plications. 


_ November 1988 


(Plastic package) 


J 
CERDIP8 
(Cerdip package) 


(Plastic micropackage) 


(Ordering Information at the end of the datasheet) 


PIN CONNECTIONS (top view) 


E88TS272-01 


1 - Output 1 

2 - Inverting input 1 

3 - Non-inverting input 1 
4- Vcc” 

5 - Non-inverting input 2 
6 - Inverting input 2 

7 - Output 2 

8 - Vcc* 
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TS272/TS27M2/TS27L2 


BLOCK DIAGRAM 


x 


: Input Sec Output 


n 
ifferential 


E88TS272-02 


ABSOLUTE MAXIMUM RATINGS 


Symbol ' Parameter 
| Veo’ | Supply Voltage (note 1) 


Voc 

Via Differential Input Voltage (note 2) 

Input Voltage (note 3) 
Toper | Operating Free-air Temperature 
TS272C 
TS272l — 40 to 105 
TS272M — 55 to 125 
TS27M2C 0 to 70 
TS27M2l — 40 to 105 
TS27M2M — 55 to 125 
TS27L2C 0 to 70 

- TS27L21 — 40 to 105 
TS27L2M —- 55to 125 


Notes : 1. All voltage values, except differential voltages, are with respect to network ground terminal. 
2. Differential voltages are at the non-inverting input terminal respect to the terminal. 
3. The magnitude of the input voltage must never exceed the magnitude of the positive supply voltage. 


OPTIMAL OPERATING CONDITIONS 


Symbol 
Supply Voltage (note 1) 


fe 
Common Mode Input Voltage Vcc = 10 V 


a re {7 SGS-THOMSON 
JF MICROELECTRONICS 
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- SCHEMATIC DIAGRAM (For 1/2 TS27x2) 
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TS272/TS27M2/TS27L2 


ELECTRICAL CHARACTERISTICS FOR 18272 
Tamb = 20 °C, Vcc = 10 V (unless otherwise specified) 


Ri Connected to Voc “Fr, 
eae 
Min. | Typ. | Max. | Min. | Typ. | Max._ 


Input Offset Voltage mV 
Vo =1.4V 
TS272 10 
Tmin < T < Tmax 12 
~ TS272A 5 
Tmin < T < Tmax «C6. 6.5 
TS272B 2 
T min <T< T max . 3.5 
| a Vio | Temperature Coefficient of Input Voltage | | 5 | | | 5 | | pwc. 


Input Offset Current | 7 

Vi=5V, Vo =5V 1 1 pA 
Tmn< I < Teas 0.1 0.2 nA 
input Bias Curent 
eae < T < Fenax 0.15 0.3 nA 


Vio 
Vou High Output Voltage (note 1) 
V; =10 mV 
Ri = 10 kQ 
T min < T < Tmax 


Avd Large Signal Voltage Gain 
Vo = 1 V to 6 V . 
V, = 5 V 
Tmin < T < Tmax 
Gwr Gain Bandwidth Product 
Ay = 40 dB . 
Ri. = 10kQ 
Cr. = 100 pF 
Fin = 200 KHz 
CMR pera eee Rejection Ratio 65 65 
Vi; = = v _ 7.4V 
Supply peace oo Ratio rel 
Mus =5Vto1 
=14V 
loc Supoy peo = amplifier) 
Ay =1,noL 
le =5V 
Tmin < T <T max 
Output Current 
Vi=10 mV, Vo =0V 
Output Current 
(sink) Vi =-—10mV, Vo = Voc ; 35 45 45 65 
Slew Rate at Unity Gain Soa 25 SS NT 
am Phase Margin at Unity Gain Degrees 
Ay = 40dB 45 45 
RL = 10kQ 
C._ =100 pF 
| Kov | OvershootFactor CT Ct | | | 0 s| 
Vi Input Equivalent Noise Voltage 30 30 a 
f=1 KHz 
Rs = 10Q 
Cross Talk Attenuation Pe MO i ae a20e |, i eB 


Note: 1. Low output voltage is less than 50mV. 
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TS272/TS27M2/TS27L2 


ELECTRICAL CHARACTERISTICS FOR TS27M2 
Tamb = 29 °C, Vec = 10 V (unless otherwise specified) 


R,_ Connected to Voc — 
TS27M2C TS27M21/TS27M2M 


ic ee alles ieee | RVC _| 
ses Offset Current 
=5V, Vo=5V 1 1 pA 
ie <T < Tmax 0.1 0.2 nA 
alla ac vee 
=5V 1 1 pA 
ie < : < es 0.15 . 0.3 nA 


High Output Voltage (note 1) 
Vi = 1 0 mV 
R, = 100 kQ 


Tmin <T< Tmax 


Tmin < T < Tmax 


Gain Bandwidth Product 
Ay = 40dB 
Ri = 100 kQ 
C_ = 100 pF 

Fin = 100 KHz 


CMR Common-mode Rejection Ratio 65 
Vo = 1.4 V 
Vi=1Vto7.4V 
SVR Supply ee Rejection Ratio 
Veco =5 Vto 10 V : 
Vo = 1 4 V , 


loc Supply Current (per amplifier) pA 
Ay = 1, no Load 200 150 200 
Vo =5 Vv 
Tmin < T < Tmax 250 300 
Output Current mA 
Vi =10 mV, Vo =O V 45 85 45 
ls Output Current mA 
=< V, =- 10 mV, Vo =Vec 35 45 65 35 45 


Slew Rate at Unity Gain Po | 06 | | oe | | vias | 


Phase Margin at Unity Gain 
Ay = 40dB 


Ri. = 100 
Ci = 100 pF 


elle Oe a eo | 


Vi de Cee Noise pou 38 38 ie 
Be. = i 0 


Cross Talk Attenuation [aes ae Si ee ee 


Note: 1. Low output voltage is less than 50mV. 
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TS272/TS27M2/TS27L2 


ELECTRICAL: CHARACTERISTICS FOR TS27L2 
Tamb = 25 °C, Voc = 10 V (unless otherwise specified) 


R, Connected to Voc — 
TS27L2C TS27L21/TS27L2M | unit | 
| Max. | 


EE a en oT 
mvV 
10 10 
12 12 
5 5 
6.5 
2 


Input Offset Voltage 
Vo =14V 
TS27L2 
Tmin < T <T max 
TS27L2A 
Tmin < T < Tmax 
Lee 
Tmin < T < Tmax 3.5 
ne Gi 
0.1 
buek 


Input Bias Current 
Vi=5V,V,=5V 
Tmin < T < Tmax 


High ruts Voltage (note 1) 
Vi; =10 mV 

Re = 1MQ 
Tmin < T < Tmax 
Large Signal Voltage Gain 
Vo =1Vto6V , 
R_ =1 MQ 
V,j=5V 
Tmin < 1 <T max 
Gain Bandwidth Product 
Ay = 40 dB 
RL= 1MQ 
C_ = 100 pF 
Fin = 100 KHz 
ae ne Rejection Ratio 
Vo= 

Vi= 1 v i 74 V 

Supply pole Ai eae Ratio 
Vec =5 Vto1 

Vo =1.4V 


Supply Current (per amplifier) 
Ay = 1, no Load 


a Vio Temperature Coefficient of Input 
Voltage 
pA 
nA 
1 A 


6.5 
2 
3.5 
st a Offset eee 
Vi=5V, Vo= 
0.2 
p 
‘tt. 


Tmin < T < Tmax 
V/mV 
60 100 
45 


oo © 
a ©) 


Vo =5 V 
Tmin< T < Tmax 


cre Current 


Stan Current 
(sik V, =- 10 mV, Vo = Vecc 


Slew Rate at Unity Gain 


A 
8 


mA 


a 

on 

ae 
E 


oO 
ro) 
s 


Phase pect at Unity cal 
0 dB 


Av = 4 
Ri = 1 Mo 


nl C. =100p 
ee 


am 
Koy Overshoot ae 


mee ae Noise Voltage 
ae = a 2 


Cross Talk Attenuation 


Note: 1. Low output voltage is less than 50mV. 


~J 
oO 
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ICG (pA) 


1000 


100 


SUPPLY CURRENT vs FREE-AIR TEMPERATURE 
Vo = Vic = 0.2 Voc, T amb = 25 °C, NO LOAD E88TS272-04 


ICC (nA) 


1000 


100 


10 


TA (°C) 


SUPPLY CURRENT vs FREE-AIR TEMPERATURE 
Voc = 10 V, Vic = 5 V, Vo=5 V, NO LOAD 


E88TS272-05 
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TS272/TS27M2/TS27L2 
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1$272/TS27M2/TS27L2 


GAIN(dB) 
100 PHASE 


—— 


45 


| th RT 
UT TINNY 
ML Il TEI 


10 100 1 000 10 000 100 000 1.000 000 10 000 000 
FREQUENCY (Hz) 


TS272 


180 


OPEN LOOP FREQUENCY RESPONSE AND PHASE SHIFT 
Vec = 10V, Ry = 10k 2 C1 = 100pF, Tam = 25°C E88TS272-06 


alll eee mi 
CIP 


will tl ‘i SHIT (right|scate) 


" 


i 
CL HI a ag Hi 
CHT nn! 


10 000 100 000 1 000.000 
FREQUENCY (Haz) 


OPEN LOOP FREQUENCY RESPONSE AND PHASE SHIFT 
Vec = 10V, Ry = 100k2,C_ =100pF, Tamb = 25°C  —«E88TS272-07 


SK | | 
Th 
} 


ini 
Bhi 
LU 


GAIN(dB) 


100 PHASE 


45 


TS27M2 a0 


GAIN (dB) 


. aula | 


er we 


E 
1 000 10 000 100 000 
FREQUENCY (Hz) 
OPEN LOOP FREQUENCY RESPONSE AND PHASE SHIFT 


Vcc =10V, Ry = IMM ,Cy =100pF, Tam = 25°C E88TS272-08 


PHASE 


45 


135 


TS27L2 


me 
Hill 
Alt ; 
ull 
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ORDERING INFORMATION 


Part Number peo eae roa 


Range °C 


TS272C 0 to 70 
TS272AC 0 to 70 
TS272BC 0 to 70 
TS2721 — 40 to 105 
TS272M — 55 to 125 
TS27M2C 0 to 70 
TS27M2AC 0 to 70 
TS27M2BC 0 to 70 
TS27M2I ~ 40 to 105 
TS27M2M ~ 55 to 125 
TS27L2C 0 to 70 
TS27L2AC 0 to 70 
TS27L2BC 0 to 70 
TS27M2I — 40 to 105 
TS27L2M ~ 55 to 125 
TS272Al ~ 40 to 105 
TS272BI ~ 40 to 105 

| TS272AM ~ 55 to 125 

TS272BM — 55 to 125 

' | TS27M2Al — 40 to 105 
TS27M2BI — 40 to 105 
TS27L2Al — 40 to 105 
TS27L2BI — 40 to 105 
TS27M2AM | —55 to 125 
TS27M2BM | —55 to 125 
TS27L2AM ~ 55 to 125 
TS27L2BM - eee eee to 125 


| Examples : TS27L2ACN, TS272CD sid TS27L2ACN, TS272CD 


PACKAGE MECHANICAL DATA 
8 PINS - PLASTIC DIP OR CERDIP 


(1) Nominal dimension 
(2) True geometrical position 


- | pins 
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PACKAGE MECHANICAL DATA (continued) 
8 PINS - PLASTIC MICROPACKAGE SO 


§ Outputs 
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TS274 
TS27M4/TS27L4 


(CMOS QUAD OPERATIONAL AMPLIFIERS 


m» EXCELLENT PHASE MARGIN ON CAPACI- 
TIVE LOADS 


» SYMMETRICAL OUTPUT CURRENTS 


as HIGH GAIN BANDWIDTH PRODUCT FOR 
TS274 


m LOW OUTPUT DYNAMIC IMPEDANCE 
a» THE TRANSFER FUNCTION IS LINEAR 


a PIN COMPATIBLE TO STANDARD QUAD 
OPERATIONAL AMPLIFIERS (TLO84-LM324) 


a» STABLE AND LOW OFFSET VOLTAGE 


a INTERNAL ELECTROSTATIC DISCHARGE 
(ESD) PROTECTION CIRCUITS 


=» THREE INPUT OFFSET VOLTAGE SELEC- 
TIONS : STANDARD (10 mV), A (5 mV), 
B (2 mV) 


DESCRIPTION 


The TS274 series are low cost, low power quad ope- 
rational amplifiers designed to operate with single 
or dual supplies. These operational amplifiers use 
the SGS-THOMSON Microelectronics silicon gate 
LIN MOS process giving them an excellent 
consumption-speed ratio. These series are ideally 
suited for low consumption applications. 


Three power consumptions are available allowing 

to have always the best consumption-speed ratio. 

° Icc=10 vA per amplifier : TS27L4 (Low bias 
versions) 

¢ Icc= 150 pA per amplifier : TS27M4 (Medium 
bias versions) 

¢ Icc=1 mA per amplifier : TS274 (High bias ver- 
sions) 


The input impedance is similar to the J-FET input 
impedance : very high input inpbedance and extre- 
mely low input offset and bias currents. They allow 
to minimize the static errors in low impedance ap- 
plications. 


November 1988 


(Plastic Package) 


J 
CERDIP14 
(Cerdip Package) 


(Plastic Micropackage) 
(Ordering Information at the end of the datasheet) 


PIN CONNECTIONS (top view) 


VN mM OM Bb W NY = 


- Output 1 

- Inverting input 1 
- Non-inverting input 1 
- Vec* 

- Non-inverting input 2 
- Inverting input 2 

- Output 2 

- Output 3 

- Inverting input 3 

- Non-inverting input 3 
- Vec™ 

- Non-inverting input 4 
- Inverting input 4 

- Output 4 


E88TS274-01 


4 
2 
3 
4 
5 
6 
7 
8 
9 

10 
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TS274/TS27M4/TS27L4 


BLOCK DIAGRAM 


Current 
source 


Input 
differential 


ABSOLUTE MAXIMUM RATINGS 


Vid 


Toper 


Notes : 1. 
2. 
3. 


Parameter 
Supply Voltage (note 1) 
Differential Input Voltage (note 2) 
Input Voltage (note 3) 
Operating Free-air Temperature 


TS274C 
TS274l 
TS274M 
TS27M4C 
TS27M4I 
TS27M4M 
TS27L4C 
TS27L4 
TS27L4M 


Output 


E88TS272-02 


- 40 to 105 
- 55 to 125 
0 to 70 
- 40 to 105 
- 55 to 125 
0 to 70 
- 40 to 105 
- 55 to 125 


All voltage values, except differential voltages, are with respect to network ground terminal. 
Differential voltages are at the noninverting input terminal with respect to the input terminal. 
The magnitude of the input voltage must never exceed the magnitude of the positive supply voltage. 


OPTIMAL OPERATING CONDITIONS 


Common Mode Input Voltage Voc = 10 V | tos | 
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TS274/TS27M4/TS27L4 


SCHEMATIC DIAGRAM (for 1/4 TS27 x 4) 


E88TS272-03 
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TS274/TS27M4/TS27L4 


ELECTRICAL CHARACTERISTICS FOR TS274 
Tamb = 2D °C, Voc = 10 V (unless otherwise specified) 
R, Connected to Vec ~ 


at ep ries Voltage mV 
1eo74"" 10 10 
Tmin < T < Tmax 12 12 
TS274A 5 5 
Tin 4 a < Tmax & o> 
te : Tr < Tmax 3.5 3.5 
uV/°C 


a Vio Vege Coefficient of Input 


- fi OFF owen 


0.2 


. 
—_—k 


Tone < , < eee 


In ut rae cy haa ay 
Vo = 
ee : t <T max 


High eu Voltage (note 1 
V4 Aa g ( ) 
Ri = 0 kQ 
1 7 


0 


ak 
ol 
(oe) 


ro) = CO 


‘iN 


8 


in 


co © 
= fo 


Large Signal Voltage Gain VimV 
Vo =1Vto6V 


o= 


Ry = 10 kQ 


Tinin <T< J max 


=e 
oO 
ol 
on 


= ©) i ©) 


MHz 


Cr = 100 
ie 2200 Hz 


oman Mode Rejection Ratio 
v° 211074 V 


Wee « BViet een Ratio 
yoo. = 


Supa oat iper amplifier) 
A ,no Loa 


1000 | 1500 


1700 


1000 | 1500 


1600 


Sete rN: 
=O0V 


arer Current 
Vi =- 10 mV, Vo = Vcc 


Slew Rate at Unity Gain 


Phase gap at Unity Gain 
A 


is 
O1 


Si 


io) 
on 
BAS 
ol 


: i oe + 
Ss {ol Go — oOo ‘ Mt 


aw 
oO 


on 


Zz 


© 
ae] 3] 2) & 
© 
ip) 


Rov Overshoot Factor 


ple rae al Noise Voltage 
Re =109 


Cross Talk Attenuation 


Note: 1. Low output voltage is less than 50mV. 


w 
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N 
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~ 
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TS274/TS27M4/TS27L4 


ELECTRICAL CHARACTERISTICS FOR TS27M4 
Tamb = 25 °C, Veco = 10 V (unless otherwise specified) 
R, Connected to Voc ~ 


TS27M4C sai re alee 
Symbol Parameter . 

Input ie Voltage 
Vda 
18274 10 
18 agate i 
Tmin < T_< Tmax : ; 6.5 
Leas B 2 

Tmin < T < Tmax 3.5 


ala See = 
Voltage 
Input SL aed 
=5V pA 
—_ < ¥ < oe 0.1 0.2 nA 
put Bias Current ; 
i=5V,V,=5V 1 1 pA 
Tmin <Té< Tmax’ 0.15 0.3 nA 
Vou i 


male bee day Voltage Gain 
Fe = 100 kQ 
V 


SVR Supply Voltage Rejection Ratio 
Veo =5 V to 10 V 
0 = 
Supply Current per amplifier) 
Ay =1, no Loa 
o= 


Tmin < T < Tmax 


qieut aot mA 
Is Output Current mA 
(Sink) Vj =- 10 mV, Vo = Vee 35 45 


Phase jan 
Ay = 

Ri = 100 — 
C. = 100 pF 


CMR Common Mode Rejection Ratio 
Vo=14V 
Vee =1Vto7.4V 


loc 


uae at Unity Gain 


| Koy | Overshoot Factor 
Vn mpy Mee Noise Voltage P| pe 
Re =100 
Cross Talk Attenuation Ean lS DR = 


Note: 1. Low output voltage is less than 50mV. 
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TS274/TS27M4/TS27L4 


ELECTRICAL CHARACTERISTICS FOR TS27L4 
Tamb = 29 °C, Voc = 10 V (unless otherwise specified) 
R_ Connected to Voc = 


er ae ee 


Li sae rita Voltage 
TSS7La 10 
Tmin <T< T max 12 
TS27L4A 5 
Tmin <T< Tmax i: 6.5 
TS27L4B 2 
Tmin < T < Tmax 3.5 
Kail ~~ lone ee a 
Voltage 
In ut oo agers 
Vo =5V pA 
ti? < ¥ <T max 0.1 0.2 nA 


In oe one Current 
Vo =5V 1 1 pA 
T min : t < T max 0.15 0.3 nA 
Hi Valet, ae Voltage (note 1) 


Ri = Pia 
Tmin < T < Tmax 


Large ae Voltage Gain V/imV 
Vo=1Vto6V 100 60 100 
R_. = 100 to 
V; = 5 V 
Tmin < T < T max 40 
Gain Bandwidth Product MHz 
Ay = 40 dB 0.1 0.1 
Ri = mi _ 
CL 
fin = “40 K , 
en eee Rejection Ratio 
v° = 4 Vv 6 7.4 v_ 
meee Bie a De 
yoo 7 


52 | on er amplifier 
vp, no Load P P 15 15 
i 5V 
i ae 18 
35 


Ao 
Nano 


qrets eta 


eat Coren 
ci Vj =- 10 0 mV » Vo = Vcc 


Slew Rate at Unity Gain 


ee 
Phase Margin at Unity Gain a 
45 
1MQ 
= 
cares 


nov Overshoot Factor 


le rea Noise Voltage 


Pa 


Cross Talk Attenuation 


Note: 1. Low output voltage is less than 50mV. 
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- 'T$274/TS27M4/TS27L4 


ICC (A) 


1000 


100 


10 


SUPPLY CURRENT vs FREE-AIR TEMPERATURE 
Vo = Vic = 0.2 Voc, T amp = 25 °C, NO LOAD E88TS274-02 


ICC (nA) 


1000 


100 


TA (°C) 


SUPPLY CURRENT vs FREE-AIR TEMPERATURE 
Voc = 10 V, Vic = 5 V, Vo=5 V, NO LOAD 


E88TS274-03 
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TS274/TS27M4/TS27L4 


GAINUBI 


100 = = pare, PHASE 
USSU Ue I UT 
a Yel | Ti] Ni i 1 : 
sti SS pHAst SHIFT tagnt scare} 
wow. wel 


cp 
mo 
Aneta 

cath gw 
MECH 


NQ 
o 
Smee ote 
os 


10 000 100 000 1 000 000 0 000 000 
ae FREQUENCY tttz) 
OPEN Loop FREQUENCY RESPONSE AND PHASE SHIFT : 
Vcc =10V, Ry = 10k 2.Cy = 100pF, Tamb = 25°C Ce E88TS274-04 
i 
GAIN(dB) 
100 PHASE 


CCST 


CEM MSA rawr il 
; waa eatin NAL | TI ; 
: TnL Lai ; 

SL LT 

: sl 

20 
100 1.000 10 000 100 000 1 000 000 
FREQUENCY (Hz) 
OPEN LOOP FREQUENCY RESPONSE AND PHASE SHIFT 
Vec =10V, Ry = 100k2:, CL = 100pF, Tamb = 25°C Earnie 
GAIN (d8) : 

“3 Sul q 5 

Hn eee he Te Tl 
60 Bai! a 

TS27 L4 SAAT GAIN (left Aue ING 

7 | mill 90 

; CE Lil a" | Bhi 

Bhi hs! i 
20 135 
0 TICE CUE AIA 180 
20 | 
1 b] 10 100 7 1000 “10 000 300 000 
FREQUENCY (Hz) 
OPEN LOOP FREQUENCY RESPONSE AND PHASE SHIFT 
_ Vee = 10V, Ry = M2 Cy, = 100PF, Tamb = 25°C : E88TS274-06 
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TS274C 
TS274AC 
TS274BC 
TS274! 
TS274M 
TS27M4C 
TS27M4AC 
TS27M4BC 
TS27M4I 
TS27M4M 
TS27L4C 
TS27L4AC 
TS27L4BC 
TS27M4l 
TS27L4M 
TS27M4Al 
TS27M4AM 
TS27M4BI 
TS27M4BM 
TS27L4Al 
TS27L4AM 
TS27L4BI 
TS27L4BM 


ORDERING INFORMATION 


Part Number 


Temperature 


Range °C 
0 to + 70 


0 to + 70 
0 to + 70 


-- 40 to+ 105 


- 55 to + 125 
0 to + 70 
0 to + 70 
0 to + 70 

- 40 to + 105 

- 55 to + 125 
0 to + 70 
0 to + 70 
0 to + 70 

- 40 to + 105 

- 55 to + 125 

- 40 to + 105 

- 55 to + 125 

- 40 to + 105 

- 55 to + 125 

- 40 to + 105 

- 55 to + 125 

- 40 to + 105 

- 55 to+125 


TS274/TS27M4/TS27L4 


ae 


| Examples : TS27L4ACN, TS274CD TS27L4ACN, TS274CD 


PACKAGE MECHANICAL DATA 
14 PINS - PLASTIC DIP OR CERDIP 


(1) Nomina! dimension 
(2) True geometrical postion 


1 4 PINS 
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_ PACKAGE MECHANICAL DATA (continued) 
14 PINS - PLASTIC MICROPACKAGE SO 


0. 4 
min. 


1.75 mox. 


1 4 PINS 


DO ee Neate ey Se (7 SGS-THOMSON 
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T$S372 


CMOS DUAL DIFFERENTIAL COMPARATOR 


» WIDE SINGLE SUPPLY RANGE OR DUAL 
SUPPLIES 4V TO 10V OR+2V TO+5V 


‘a VERY LOW SUPPLY CURRENT : 0.4 mA INDE- 
PENDENT OF SUPPLY VOLTAGE 


a EXTREMELY LOW INPUT BIAS CURRENT : 
1 pA TYP 


m EXTREMELY LOW INPUT OFFSET CUR- 
RENT : 1 pA TYP 


a» LOW INPUT OFFSET VOLTAGE 


a INPUT COMMON-MODE VOLTAGE RANGE 
INCLUDES GND 


a LOW OUTPUT SATURATION VOLTAGE 
150 mV TYP 


a OUTPUT COMPATIBLE WITH TTL.MOS AND 
CMOS 


= BUILT-IN ESD PROTECTION 
= HIGH INPUT IMPEDANCE 10!2 QTYP 


a FAST REPONSE TIME : 200 NS TYP FOR TTL 
LEVEL INPUT STEP 


DESCRIPTION 


These devices consist of two independent precision 
voltage comparators, designed to operate with sin- 
gle or dual supplies. 


These differential comparators use the SGS THOM- 
SON Microelectronics silicon lin MOS process gi- 
ving them an excellent consumption-speed ratio. 


These devices are ideally suited for low consump- 
tion applications. 


December 1988 


ADVANCE DATA 


(Plastic Package) 


J 
CERDIP14 
(Cerdip Package) 


$014 
(Plastic Micropackage) 


(Ordering Information at the end of the datasheet) 


PIN CONNECTIONS (top view) 


E88TS272-01 


- Output 1 

- Inverting input 1 

- Non-inverting Input 4 
- Veco 

- Non-inverting input 2 
- Inverting input 2 

- Output 2 

- Vec" 


1/3 


This ts advanced tnformation on a new product now in development or undergoing evaluation Details are subject to change without notice. 
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TS372:— 


ABSOLUTE MAXIMUM RATINGS 


12 
fi) 
a 


Output Current 
Duration of Output Short-circuit to GND (note 4) | Unlimited =f 


Toper Operating Free-air Temperature TS372C 0 to 70 °C 
TS372I — 40 to 105 . 
TS372M — 55 to 125 


Storage Temperature ~ 65 to 150 


Notes: 1. All voltage values, except differential voltages are with respect to network ground terminal. 
2. Differential voltages are at the non-inverting input terminal with respect to the input terminal. 
3. The magnitude of the input voltage must never exceed the magnitude of the positive supply voltage. 
4. Short circuit from outputs to Vcc" can cause excessive heating and eventual destruction. 


_OPERATING CONDITIONS 


High Level Output Current Vig =1V;Von =+5V 
Low, Level Output Voltage Vig = 1 V; lor =4 MA 


iene 
| ton | fie 2 
a 400 
| tcc | Supply Current (4 comparators) Vig=-1ViRi== | 
| ton =) 6 
i 
eal 


1 
1 
20 
0.1 
0.4 


Large Signal Voltage Gain Voc = 10 V ; RR, > 15 KQ at Voc 


Low Level Output Current Vig =-1V;Vort =1.5 V 


Response Time R, = 5.1 KQ ; OC. =15 pF Overdrive 5 mV 
(note 2) 


Response Time Rx =5.1 KQ;C_ = 15 pF TTL Input (note 2) 


Notes : 1. The offset voltage and offset current which are given are the maximum values required to drive the output down to 400 mV or up to 
4V with Ri = 2.5 KQ to Voc. ; 
2. The response time which is specified is the interval between the input signal and the instant when the output signal crosses 1.4 V. 


ere ee ee ee! f SGS-THOMSON 
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ORDERING INFORMATION 


Temperature 


Range 


Part Number 


- 40 to 105 
— 55 to 125 


PACKAGE MECHANICAL DATA 
8 PINS - PLASTIC DIP OR CERDIP 


(1) Nomina! dimension 
(2) True geometrical position 


f SGS-THOMSO 
S/ i See Eanes 


f pins 


8 Outputs 


TS372. 
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(> SGS-THOMSON 
S/ if MICROELECTRONICS TS374 


CMOS QUAD DIFFERENTIAL COMPARATOR 


ADVANCED DATA 


a WIDE SINGLE SUPPLY RANGE OR DUAL 
SUPPLIES 4V TO 10V OR#+2V TO+5V 


» VERY LOW SUPPLY CURRENT : 0.4 mA INDE- 
PENDENT OF SUPPLY VOLTAGE 


» EXTREMELY LOW INPUT BIAS CURRENT : 
1 pA TYP 


_ « EXTREMELY LOW INPUT OFFSET CUR- 
RENT : 1 pA TYP 


» LOW INPUT OFFSET VOLTAGE 


J 
a INPUT COMMON-MODE VOLTAGE RANGE CERDIP14 
INCLUDES GND (Cerdip Package) 


» LOW OUTPUT SATURATION VOLTAGE 
150 mV TYP 


a OUTPUT COMPATIBLE WITH TTL.MOS AND 
CMOS 


BUILT-IN ESD PROTECTION 
a» HIGH INPUT IMPEDANCE 10'2 QTYP (Plastic Micropackage) 


=» FAST REPONSE TIME: 200 NS TYP FOR TIL (Ordering Information at the end of the datasheet) 
LEVEL INPUT STEP 


(Plastic Package) 


PIN CONNECTIONS (top view) 


E88J374-01 


1 - Output 2 

2 - Output 1 

3 - Voc" 

4 - Inverting input 1 
DESCRIPTION 5 - Nondnvering input 1 - 
These devices consist of four independent precision 6 - Inverting input 2 
voltage comparators, designed to operate with sin- ; eae 2 
gle or dual supplies. -_ ee a ae 
These differential comparators use the SGS THOM- - Inverting input 4 
SON Microelectronics silicon lin MOS process gi- - Non-inverting input 4 
ving them an excellent consumption-speed ratio. - Vec™ 

: : : - Output 4 

These devices are ideally suited for low consump- - Output 3 


tion applications. 


, December 1988 1/3 
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TS374 


ABSOLUTE MAXIMUM RATINGS 


a 
Tv [input votage (notes) SSCSC=“s*~“~*~“‘“S*~srSOSC“‘CSSC*C*“‘“(;! CS 
ae 
eed 


Output Voltage 
Duration of Output Short-circuit to GND (note 4) Unlimited eee 


Toper °C * 
i — 40 to 105 
- = 55 to 125 
Storage Temperature — 65 to 150 


Notes : 1. All voltage values, except differential voltages are with respect to network ground terminal. 
2. Differential voltages are at the non-inverting input terminal with re$pect to the input terminal. 
3. The magnitude of the input voltage must never exceed the magnitude of the positive supply voltage. 
4. Short circuit from outputs to Vcc* can cause excessive heating and eventual destruction. 


OPERATING CONDITIONS © 


7 
[Veo _| Supply VolageRengeSSSSC~C“~“~*~*~“‘“~sSSSC tw HSC*dC 


Tre Response Time R, =5.1 KQ ; C_ = 15 pF Overdrive 5 mV 
(note 2) 


Tre Response Time Ry = 5.1 KQ ;C, =15 pF TTL Input (note 2) 


Notes: 1. The offset voltage and offset current which are given are the maximum values required to drive the output down to 400 mV or up to 
4 V with Ri = 2.5 KQ to Vee. 
2. The response time which is specified is the interval between the input signal and the instant when the output signal crosses 1.4 V. 
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TS374 


ORDERING INFORMATION 


Part Number | Femperature 


Range 


PN | Dg | 
TS374 0 to 70 
TS374I — 40 to 105 
TS374M — 55 to 125 
Examples : TS374ID 


PACKAGE MECHANICAL DATA 
14 PINS - PLASTIC DIP OR CERDIP 


(1) Nomina! dimension 
(2) True geometrical position 


1 4 Outputs 


1.75 max. 


| 4 Outputs 


{a7 SGS-THOMSON 3/3 
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Gy SGS-THOMSON S2w0%.5v6, 5 5 76,5 


MICROELECTRONICS BZWO4P5V8, B —> 376, B 


UNI-AND BIDIRECTIONAL TRANSIENT 
VOLTAGE SUPPRESSORS 


a HIGH SURGE CAPABILITY : 
400 W/1ms EXPO 

= VERY FAST CLAMPING TIME : 
1 ps FOR UNIDIRECTIONAL TYPES 
5 ns FOR BIDIRECTIONAL TYPES 

ma LARGE VOLTAGE RANGE : 
5.8V—>376V 

a ORDER CODE: 
TYPE NUMBER FOR UNIDIRECTIONAL 
TYPES, TYPE NUMBER + SUFFIX B FOR 
BIDIRECTIONAL TYPES 


DESCRIPTION 
Transient voltage suppressor diodes especially use- F 126 
ful in protecting integrated circuits, MOS, hybrids (Plastic) 


and other voltage-sensitive semiconductors and 
components. 


ABSOLUTE MAXIMUM RATINGS (limiting values) 
Peak Pulse Power for 1 ms Exponential Tj Initial = 25 °C 400 W 
Pulse See note 1 
| P| Power Dissipation on Infinite Heatsink Ww 
Current for Unidirectional Types t=10ms Sw 
Tj 
TL. _| Maximum Lead Temperature for Soldering During 10 s at 4 mm 930 6 
from Case 
THERMAL RESISTANCE 


Symbol] Parameter =| Value Unit __ 
Non Repetitive Surge Peak Forward T; Initial = 25 °C 
Tstg Storage and Operating Junction Temperature Range — 55 to 150 °C 

150 °C 
Symbol| Parameter =| ate | Unit 


Renan _| Junction-leads on Infinite Heatsink for Lieag = 10 mm a ee oe 
Note: 1. For surges upper than the maximum values, 
the diode will present a short-circuit anode-cathode. x Ipp Pulse wave form 40/4000 
40 us 
400 
80 
1 
t 
0 t 
1 ms D88TRANSIL1 
January 1989 1/6 
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BZW04-5V8, B —> 376, B/BZWO04P5V8, B —> 376, B 


ELECTRICAL CHARACTERISTICS (T, = 25 °C) 


Parameter 


Value 


VrRM Stand-off Voltage 


Breakdown Voltage 
Clamping Voltage 


| Very 
| Vict) _| 
aloe — Peak Pulse Current 
Ler | 
[- 2Ge 


See tables 


Temperature Coefficient of Vier) 
Capacitance 


tclamping | Clamping Time (0 volt to Vier) Unidirectional Types 
Bidirectional Types | SNS max, 


Types Inm @ Vr V(BR)* 
max. (V) 


eee CC 


* Pulse test 
** Divide these values by 2 for bidirectional types. 

For bidirectional types, electrical characteristics apply in both directions. 
P : Preferred device. 
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P BZWO4P5V8 |P BZW04P5V8B 10 
BZW04-5V8 BZW04-5V8B 10 
BZWO04P6V4 BZWO04P6V4B 10 
BZW04-6V4 BZW04-6V4B 10 
BZW04P7V0 BZW04P7V0B 10 
BZW04-7V0 BZW04-7V0B 10 
BZW04P7V8 BZW04P7V8B 1 
BZW04-7V8 BZW04-7V8B 1 
BZW04P8V5 BZWO04P8V5B 1 
BZW04-8V5 BZW04-8V5B 1 

P BZWO04P9V4 BZW04P9V4B 5 1 
BZW04-9V4 BZW04-9V4B 5 1 
BZW04P10 BZW04P10B 5 1 
BZW04-10 BZW04-10B 5 1 

P BZWO04P11 BZW04P11B 5 1 
BZW04-11 BZW04-11B 5 1 

P BZWO04P13 BZW04P13B 5 1 
BZW04-13 BZW04-13B 9) 1 

P BZWO04P14 BZW04P14B 5 1 
BZW04-14 BZW04-14B 5 1 

P BZWO04P15 BZW04P15B 5 1 
BZW04-15 BZW04-15B 5 1 
BZW04P17 BZW04P17B 5 1 
BZW04-17 BZW04-17B 5 1 
BZW04P19 BZW04P19B 5 1 
BZW04-19 BZW04-19B 5 1 
BZW04P20 BZW04P20B 5 1 
BZW04-20 BZW04-20B 5 1 

P BZW04P23 BZW04P23B 5 1 
BZW04-23 BZW04-23B 5 1 

P BZW04P26 BZW04P26B 5 1 
BZW04-26 BZW04-26B 5 1 
BZW04P28 BZW04P28B 5 1 
BZW04-28 BZW04-28B 5 1 

P BZW04P31 BZW04P31B 5 1 
BZW04-31 BZW04-31B 5 1 

P BZW04P33 BZW04P33B Ss) 1 


t<50ms 8<2%. 


ka SGS-THOMSON 
‘7 wmcnosucrroimes 


* 


P : Preferred device. 


BZW04-33 
BZW04P37 
BZW04-37. 
Bzwo4P40 
BZW04-40 
Bzwo4P44 
Bzwo4-44 
Bzwo4P48 
BZWo04-48 
BZWO4P53 
BZW04-53 
BZW04P58 
BZW04-58 
BZWO04P64 
BZW04-64 
BZW04P70 
BZW04-70 
Bzwo4P78 
BZW04-78 
BZW04P85 
BZW04-85 
BZW04P94 
Bzwo04-94 
BZWo4P102 
BZWwo04-102 
BZWo4P111 
BZW04-111 
BZW04P128 
BZW04-128 
BZW04P136 
BZW04-136 
BZW04P145 
BZW04-145 
BZW04P154 
BZW04-154 
BZWwo4P171 
Bzwo4-171 
BZWo4P188 
BZW04-188 
Bzwo4P213 
BZW04-213 
BZwo4P239 
BZW04-239 
BZW04P256 
BZW04-256 
BZW04P273 
BZW04-273 
Bzwo4P299 
BZW04-299 
BZwo4P342 
BZW04-342 
BZW04P376 
BZW04-376 


BZW04-33B 
BZW04P37B 
BZW04-37B 
BZW04P40B 
BZW04-40B 
BZW04P44B 
BZW04-44B 
BZW04P48B 
BZW04-48B 
BZW04P53B 
BZW04-53B 
BZW04P58B 
BZW04-58B 
BZW04P64B 
BZW04-64B 
BZW04P70B 
BZW04-70B 
BZW04P78B 
BZW04-78B 
BZW04P85B 
BZW04-85B 
BZW04P94B 
BZW04-94B 
BZW04P102B 
BZW04-102B 
BZW04P111B 
BZW04-111B 
BZW04P128B 
BZW04-128B 
BZW04P136B 
BZW04-136B 
BZW04P145B 
BZW04-145B 
BZW04P154B 
BZW04-154B 
BZW04P171B 
BZW04-171B 
BZW04P188B 
BZW04-188B 
BZW04P213B 
BZW04-213B 
BZW04P239B 
BZW04-239B 
BZW04P256B 
BZW04-256B 
BZW04P273B 
BZW04-273B 
BZW04P299B 
BZW04-299B 
BZW04P342B 
BZW04-342B 
BZW04P376B 
BZW04-376B 


Pulse test tp<50ms 8<2%. 
** Divide these values by 2 for bidirectional types. 
For bidirectional types, electrical characteristics apply in both directions. 


5 
5 
5 
5 
5 
5 
3 
5 
5 
5 
5 
) 
5 
5 
5 
5 
5 
5 
5 
5 
) 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
) 
5 
5 


BZW04-5V8, B —> 376, B/BZW04P5V8, B —> 376, B 
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Fiyg.4 - Peak pulse power versus exponential pulse duration. 


BZW oardae 


408 
BZW 04P376__ 
BZW 04P299~F 


BZW04-5V8, B —> 376, B/BZWO04P5V8, B —> 376, B 


BZW 04P17 
BZW O4P8V5 


40 


D88BZW04P4 


409 


HS serene 


10 


AV (pA) = T(v(BR)) X [Tj - 25] X Vigp) 
MICROELECTRONICS 


For intermediate voltages, extrapolate the given results. 


t= ims-—- 
t = 40 ms 
Ky 8&S-THOMSON 


| 
Fig.2 - Clamping voltage versus peak pulse current. 


exponential waveform t = 20 
The curves of the figure 2 are specified for a junction temperature of 25 °C 


before surge. The given results may be extrapolated for other junction temperatures 


Note : 
by using the following formula : 
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BZW04-5V8, B —> 376, B/BZWO04P5V8, B —> 376, B 
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Fig.3 — Allowable power dissipation versus 
4074 


junction temperature. 
Fig.5 - Thermal resistance versus 
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(typical values for unidirectional 


versus peak forward voltage drop 
types) . 


_ Fig.7 - Peak forward current 


MICROELECTRONICS 


ky SGS-THOMSON 


Fig.6 — Transient thermal impedance 


junction-ambient for mounting n°2 
versus pulse duration (L = 10 mm). 
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BZW04-5V8, B —> 376, B/BZWO04P5V8, B —> 376, B 


B2W O4Pseg LUT 


BZW 04P474p HR 
Bae een hedhdheleeeee | 


Ome me oe 


il 


: EH 
i s 
4 40 400 500 
Fig.8a — Capacitance versus reverse applied Fig.8b - Capacitance versus reverse applied 
voltage for unidirectional types voltage for bidirectional types 
(typical values) . (typical values) . 
D88BZW04P6 


PACKAGE MECHANICAL DATA 
- F 126 Plastic 


| @be | 076 | 0.86 | . 
| oo | 295 | 3.05 | o116 | 0.120 | 1 - The lead diameter © boa is not controlled over zone L4. 


2 - The minimum axial lengh within which the device may be placed with 
its leads bent at right angles is 0.59" (15 mm). 


Cooling method : by convection (method A). 
Marking : type number ; white band indicates cathode for unidirectional types. 


Weight : 0.4 g. 
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600 


100 

Tstg Storage and Operating Junction Temperature Range — 55 to 175 
Tj ; 175 
230 


171 SGS-THOMSON - P6KE6VS8P, A > 440P, A 
S| | MICROELECTRONICS P6KE6V8CP, CA > 440CP, CA 


UNI-AND BIDIRECTIONAL TRANSIENT 
VOLTAGE SUPPRESSORS 


= HIGH SURGE CAPABILITY : 
600 W/1ms EXPO 

= VERY FAST CLAMPING TIME : 
1 ps FOR UNIDIRECTIONAL TYPES 
5 ns FOR BIDIRECTIONAL TYPES 

a LARGE VOLTAGE RANGE : 
5.8V—>376V 

» ORDER CODE: 
TYPE NUMBER FOR UNIDIRECTIONAL 
TYPES, TYPE NUMBER + SUFFIX C FOR 
BIDIRECTIONAL TYPES 


DESCRIPTION | CB-417 


(Plastic) 
Transient voltage suppressor diodes especially use- 
ful in protecting integrated circuits, MOS, hybrids 
and other voltage-sensitive semiconductors and 
components. 


ABSOLUTE RATINGS (limiting values) 


Symbol 


Peak Pulse Power for 1 ms Exponential Tj Initial = 25 °C 
Pulse = See note 1 


Power Dissipation on Infinite Heatsink Tamb = 75 °C a See 


Icrsm | Non Repetitive Surge Peak Forward ~ Tj Initial = 25 °C 
Current for Unidirectional Types t=10ms 


°C 


aa 


Th Maximum Lead Temperature for Soldering During 10 s at 4 mm 
from Case 


THERMAL RESISTANCE 


°C 

°C 
Symbol] Parameter | Vale Unit 
| Renan | Junction-leads on Infinite Heatsink for Lieag = 10 mm °C/W 


Note: 1. Forsurges upper than the maximum values, 


the diode will present a short-circuit anode-cathode. % Inp Pulse wave form 10/4000 
0 us 
100 
ale 7 tae 
1 
t 
0 t 
i ms DssTRANSIL1 
February 1989 1/6 
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P6KEG6V8P, A —> 440P, A/P6KE6V8CP, CA —> 440CP, CA 


ELECTRICAL CHARACTERISTICS (T; = 25 °C) 


Parameter 
| Vem Stand-off Voltage 

Breakdown Voltage 
Clamping Voltage 

a ee Peak Pulse Current 
Le ee 


VaM 
Temperature Coefficient of Vier) 
C 
FM 


See tables 


Capacitance 


tclamping | Clamping Time (0 volt to Vigr)) Unidirectional Types 
Bidirectional Types |S nS maxX, 
: Forward Voltage Drop for Unidirectional Types (Irv = 50 A) 


Inu @ Vam Vipr)* @ 
max. (V) 


(uA) | (V)_| min. [nom. | max. | (mA) p(w) | (ay [ctor#ecy] (oF) 
P : : : 5.7 


P P6KE6V8P P6KE6V8CP 5.8 
P6KE6V8A P6KE6V8CA 
P6KE7V5P P6KE7V5CP 
P6KE7V5A P6KE7V5CA 
P6KE8V2P P6KE8V2CP 
P6KE8V2A P6KE8V2CA 
P6KE9V1P P6KE9V1CP 
P6KESVIA P6KESVICA 
P6KE10P P6KE10CP 
P6KE10A P6KE10CA 
P6KE11P P6KE11CP 
P6KE11A P6KE11CA 
P6KE12P P6KE12CP 
P6KE12A P6KE12CA 
P6KE13P P6KE13CP 
P6KE13A P6KE13CA 
P6KE15P P6KE15CP 
P6KE15A P6KE15CA 
P6KE16P P6KE16CP 
P6KE16A P6KE16CA 
P6KE18P P6KE18CP 
P6KE18A P6KE18CA 
P6KE20P P6KE20CP 
P6KE20A P6KE20CA . 
P6KE22P P6KE22CP 
P6KE22A P6KE22CA 
P6KE24P P6KE24CP 
P6KE24A P6KE24CA 
P6KE27P P6KE27CP 
P6KE27A P6KE27CA 
P6KE30P P6KE30CP 
P6KE30A P6KE30CA 
P6KE33P P6KE33CP 
P6KE33A P6KE33CA 
P6KE36P P6KE36CP 
P6KES6A P6KE36CA 

* Pulse test tt<s50ms 5<2%. 

™* Divide these values by 2 for bidirectional types. 

For bidirectional types PEKE6V8CP — 11CA, IRM must be double that specified for unidirectional types. 

For bidirectional types, electrical characteristics apply in both directions. 

P : Preferred device. 


Celie i a ro Se a Cr Care Co Sa Sean Claes Claes Came 6 


Agra aniaa°nnaninnaa»a»aauwaanrnainna an 


2/6 
GS-THOMSO 
Ayy iiesouscmones 
602 


P P6KE39P 
P6KE39A 
P6KE43P 
P6KE43A 
P6KE47P 
P6KE47A 
P6KE51P 
P6KE51A 
P6KE56P 
P6KES56A 
P6KE62P 
P6KE62A 
P6KE68P 
P6KE68A 
P6KE75P 
P6KE75A 
P6KE82P 
P6KE82A 
P6KE91P 
P6KEQ1A 
P6KE100P 
P6KE100A 
P6KE110P 
P6KE110A 
P6KE120P 
P6KE120A 
P6KE130P 
P6KE130A 
P6KE150P 
P6KE150A 
P6KE160P 
P6KE160A 
P6KE170P 
P6KE170A 
P6KE180P 
P6KE180A 
P6KE200P 
P6KE200A 
P6KE220P 
P6KE220A 
P6KE250P 
P6KE250A 
P6KE280P 
P6KE280A 
P6KE300P 
PG6KES00A 
P6KE320P 
P6KE320A 
P6KE350P 
P6KE350A 
P6KE400P 
P6KE400A 
P6KE440P 
P6KE440A 


P P6KE39CP 


P6KE39CA 
P6KE43CP 
P6KE43CA 
P6KE47CP 
P6KE47CA 
P6KE51CP 
P6KE51CA 
P6KE56CP 
P6KES56CA 
P6KE62CP 
P6KE62CA 
P6KE68CP 
P6KE68CA 
P6KE75CP 
P6KE75CA 
P6KE82CP 
P6KE82CA 
P6KES1CP 
P6KE91CA 
P6KE100CP 
P6KE100CA 
P6KE110CP 
P6KE110CA 
P6KE120CP 
P6KE120CA 
P6KE130CP 
P6KE130CA 
P6KE150CP 
P6KE150CA 
P6KE160CP 
P6KE160CA 
P6KE170CP 
P6KE170CA 
P6KE180CP 
P6KE180CA 
P6KE200CP 
P6KE200CA 
P6KE220CP 
P6KE220CA 
P6KE250CP 
P6KE250CA 
P6KE280CP 
P6KE280CA 
P6KE300CP 
P6KE300CA 
P6KE320CP 
P6KE320CA 
P6KE350CP 
P6KE350CA 
P6KE400CP 
P6KE400CA 
P6KE440CP 
P6KE440CA 


PGKEGVSP, A—> 440P,.A/PGKEG6VS8CP, CA —> 440CP, CA 


inm @ Vrmu Visr)" @ 


5 
5 
5 
5 
5 
5 
Ss) 
5. 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
9 
5 
5 
5 
5 
5 
5 
5 
5 
5 
Ss 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5. 
5 
5 


max. 
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* Pulse test ttp<s50ms 5<2%. 

** Divide these values by 2 for bidirectional types. 

For bidirectional types, electrical characteristics apply in both directions. 
P : Preferred device. 
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P6KE6V8P, A —> 440P, A/P6KE6V8CP, CA —> 440CP, CA 
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Fig.4 - Peak pulse power versus exponential pulse duration. 


Fig.2 -— Clamping voltage versus peak pulse current. 


exponential waveform t = 20 


=) 
~~ 
Ty) m cu 


(BAR) ~%T(v(eA)) X [T; - 25] X VigR) 


For intermediate voltages, extrapolate the given results. 


The curves of the figure 2 are specified for a junction temperature of 25 °C 
AV 


before surge. The given results may be extrapolated for other junction temperatures 


by using the following formula ;: 


Note : 
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P6KE6V8P, A —> 440P, A/P6KE6V8CP, CA —> 440CP, CA 
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Fig.3 — Allowable power dissipation versus Fig.4 — Power dissipation versus ambient 
junction temperature. temperature. ; 
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Fig.5 — Thermal resistance versus 
lead length. 
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Fig.G - Transient thermal impedance Fig.7 - Peak forward current 
junction-ambient for mounting n°2 "2s versus peak forward voltage drop 

versus pulse duration (L = 10 mm). (typical values for unidirectional 

; types) . 
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P6KE6V8P, A —> 440P, A/P6KE6V8CP, CA —> 440CP, CA 
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Fig.8b - Capacitance versus reverse applied 
(typical values) . 
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its leads bent at right angles is 0.59" (15 mm). 
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Fig.8a - Capacitance versus reverse applied 


voltage tor unidirectional types 


(typical values) 


Marking : type number ; white band indicates cathode for unidirectional types. 
Weight : 0.6 g. 


PACKAGE MECHANICAL DATA 


CB-417 Plastic 
Cooling method : by convection (method A). 
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{ SGS-THOMSON 
7 wicROELECTROMICS P7T-10,B —> 110, B 


UNI-AND BIDIRECTIONAL TRANSIENT 
7 VOLTAGE SUPPRESSORS 


=» HIGH SURGE CAPABILITY : 
700 W/1 ms EXPO 

a VERY FAST CLAMPING TIME : 
1 ps FOR UNIDIRECTIONAL TYPES 
5 ns FOR BIDIRECTIONAL TYPES 

» LARGE VOLTAGE RANGE : 
10V>110V 

m» ORDER CODE: 
TYPE NUMBER FOR UNIDIRECTIONAL 
TYPES, TYPE NUMBER + SUFFIX B FOR 
BIDIRECTIONAL TYPES 


CB-417 
(Plastic) 
DESCRIPTION 


Transient voltage suppressor diodes especially use- 
ful in protecting integrated circuits, MOS, hybrids 
and other voltage-sensitive semiconductors and 
components. 


ABSOLUTE RATINGS (limiting values) 


Parameter | Value 


Peak Pulse Power for 1 ms Exponential Tj Initial = 25 °C 700 
Pulse See note 1 


Power Dissipation on Infinite Heatsink Tab =50° | 5 &#4| WwW 


l-sm Non Repetitive Surge Peak Forward Tj Initial = 25 °C , A 
Current for Unidirectional Types t=10ms 

°C 

°C 


20 
Tstg Storage and Operating Junction Temperature Range — 55 to 150 
Tj 150 
TL Maximum Lead Temperature for Soldering During 10 s at 4 mm °C 
from Case 


THERMAL RESISTANCE 


Symbol] Parameter | Value Unit 


Junction-leads on Infinite Heatsink for Lieag = 10 mm a ee ee 
Note: 1. For surges upper than the maximum values, 
the diode will present a short-circuit anode-cathode. x Ipp Pulse wave form 40/4000 
40 us : 
100 
ages Yama 
1 
8 
0 t 
i ms D88TRANSIL1 
February 1989 1/5 
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P7T-10,B — 110,B 


.ELECTRICAL CHARACTERISTICS (T; = 25 °C) 


Parameter Value : 


Stand-off Voltage 
Breakdown Voltage 


| Symbol | 
| Vaw | oa 
V(cL) Clamping Voltage See tables 
| pp 
hoor 
base 


Peak Pulse Current 
Temperature Coefficient of Visr) 
Capacitance 


Clamping Time (0 volt to Vipr)) Unidirectional Types 
Bidirectional Types |_S nsmax. | 


Types Inm @ Vam a 
max. 


unarectonst [stress [oa] @) [nn [oomfnes [oma oo [ow [ow [oy [Gra] on 


P7T-10B 13 18 30 265 
P7T-27B 29.6] 36 ra 5 

P7T-43B 50 62 74 
P7T-110B 130 | 160 | 200 28 


* Pulse test t<50ms 6<2%. 
** Divide these values by 2 for bidirectional types. 
For bidirectional types, electrical characteristics apply in both directions. 
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Fig.4 - Peak pulse power versus exponential pulse duration. 
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ng “= 
AV (pA) =%T(v(BR)) X [Ty - 25] X V (pp) 


For intermediate voltages, extrapolate the given results. 


-t = 10 ms 
ky SGS-THOMSON 


t= j 


4 
The curves of the figure 2 are specified for a junction temperature of 25 °C 


Fig.2 -— Clamping voltage versus peak pulse current. 
before surge. The given results may be extrapolated for other junction temperatures 


exponential waveform t = 20 PIS seeereeeee 


° 4071 
by using the following formula : 


Note : 


D88P7TP3 


P7T-10,B — 110,B 


< 
Soldering 
Ty initial = 


Mounting n°2—-—-— 
PRINTED CIRCUIT 


~~ 
i°) 
_& 
(=) 
ce 
rt 
eS) 
c 
po 
Go 
= 


Mounting n°2 


BT Ds GO | 
Tee sR | 


Fig.4 — Power dissipation versus ambient 
Test point of 
tconnexion 


temperature. 
INFINITE HEATSINK 


Mounting n°4 


403 


ACP IP 


402 


i es ey, i 
ae a ARR ++— 


pt | a ee ee 


10 


foe 
SN td 


SS eS 0 ee es ee 
20 2 
ait tT ALT Ut 


STC INE 
STN nT T+ 


PS A A 0 A A SS SA OS 
tEpt fy A 


LER Vile, 


J 
o 
1 


1 


°° 
4074 


eS) 
N 


Fig.3 — Allowable power dissipation versus 


Fig.5 -— Thermal resistance versus 


lead ae 


junction temperature 
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(typical values for unidirectional 


versus peak forward voltage drop 
types) . 


Fig.7 -— Peak forward current 
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Fig.6 — Transient thermal impedance 


junction-ambient for mounting n°2 
versus pulse duration (L = 40 mm). 
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P7T-10,B'— 110,B 
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Fig.8b - Capacitance versus reverse applied 
voltage for bidirectional types 


(typical values). 


Fig.8a — Capacitance versus reverse applied 


voitage for unidirectional types 


(typical values) . 
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PACKAGE MECHANICAL DATA 


CB-417 Plastic 
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its leads bent at right angles is 0.59" (15 mm). 


Marking : type number ; white band indicates cathode for unidirectional types. 


Cooling method : by convection (method A). 
Weight : 0.6 g. 
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MICROELECTRONICS 1.5KE6V8CP,CA — 440CP,CA 


UNI-AND BIDIRECTIONAL TRANSIENT 
VOLTAGE SUPPRESSORS 


» HIGH SURGE CAPABILITY : 
1.5 kW/1ms EXPO 

a» VERY FAST CLAMPING TIME : 
1 ps FOR UNIDIRECTIONAL TYPES ~ 
5 ns FOR BIDIRECTIONAL TYPES 

a LARGE VOLTAGE RANGE : 
5.8V—>376V 

= ORDER CODE: 
TYPE NUMBER FOR UNIDIRECTIONAL 
TYPES, TYPE NUMBER + SUFFIX C FOR 
BIDIRECTIONAL TYPES 


DESCRIPTION CB-429 


Plastic 
Transient voltage suppressor diodes especially use- 
ful in protecting integrated circuits, MOS, hybrids 
and other voltage-sensitive semiconductors and 
components. 


ABSOLUTE RATINGS (limiting values) 


Symbol Parameter | Value | Unit _| 


Peak Pulse Power for 1 ms Exponential Tj; Initial = 25 °C 
AS kW 
Pulse See note 1 
Psat Power Dissipation on Infinite Heatsink —_. Tamb = 75 °C Te 
Irsm | Non Repetitive Surge Peak Forward “ T; Initial = 25 °C A 
Current for Unidirectional Types t=10ms 
Tstg Storage and Operating Junction Temperature Range — 65 to 175 °C 
Tj 175 °C 
TL Maximum Lead Temperature for Soldering During 10 s at 4 mm 230 °C 
from Case ~) ,; 
THERMAL RESISTANCE 
Symbol| = CiParameter =| Value Unit 
| Reng | Junction-leads on Infinite Heatsink for Lieag = 10 mm 
Note: 1. Forsurges upper than the maximum values, 
the diode will present a short-circuit anode-cathode. % Inp Pulse wave form 40/4000 
10 ps 
400 
aan 
1 
t 
0 t 
aid D88TRANSIL1 - 
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1.5KE6V8P, A —> 440P, A/1.5KE6V8CP, CA —> 440CP, CA 


ELECTRICAL CHARACTERISTICS (T; = 25 °C) 


Parameter 


Stand-off Voltage 


| Symbol | 
| Vem _| 
Breakdown Voltage 
La ven 
| tp | 


Vict) || Clamping Voltage See tables 
Peak Pulse Current 
Temperature Coefficient of Vigr) 
Capacitance 
Clamping Time (0 volt to Vian) 
[Bidirectional Types |S ns max. 


wa) | (Vv) | min. nom. |max.[(may| (vy | (A) | (v) | (A) | 


P 1.5KE6V8CP 


P 


P 


1.5KE6V8P 
1.5KE6V8A 
1.5KE7V5P 
1.5KE7V5A 
1.5KE8V2P 
1.5KE8V2A 
1.5KE9V1P 
1.5KE9VIA 
1.5KE10P 
1.5KE10A 
1.5KE11P 
1.5KE11A 
1.5KE12P 
1.5KE12A 
1.5KE13P 
1.5KE13A 
1.5KE15P 
1.5KE15A 
1.5KE16P 
1.5KE16A 
1.5KE18P 
1.5KE18A 


1.5KE20P 


P 


1.5KE20A 
1.5KE22P 
1.5KE22A 
1.5KE24P 
1.5KE24A 
1.5KE27P 
1.5KE27A 
1.5KE30P 
1.5KE30A 
1.5KE33P 
1.5KE33A 
1.5KE36P 
1.5KE36A 
1.5KE39P 


1.5KE6V8CA 
1.5KE7V5CP 
1.5KE7V5CA 
1.5KE8V2CP 
1.5KE8V2CA 


- 1.5KE9V1ICP 


1.5KE9VICA 
1.5KE10CP 
1.5KE10CA 
1.5KE11CP 
1.5KE11CA 
1.5KE12CP 
1.5KE12CA 
1.5KE13CP 
1.5KE13CA 
1.5KE15O0P 
1.5KE15CA 
1.5KE16CP 
1.5KE16CA 
1.5KE18CP 
1.5KE18CA 
1.5KE20CP 
1.5KE20CA 
1.5KE22CP 
1.5KE22CA 
1.5KE240P 
1.5KE24CA 
1.5KE27CP 
1.5KE27CA 
1.5KE30CP 
1.5KE30CA 
1.5KE33CP 
1.5KE33CA 
1.5KE36CP 
1.5KE36CA 


P 1.5KE39CP 


* Pulse test tp<s50ms 6<2%. 
** Divide these values by 2 for bidirectional types. 


§ For bidirectional types 1.5KE6V8CP — 11CA, Inu must be double that specified for unidirectional types. 


Inu @ Vam 
max. 


aan araIaanjnanana»ana°naa»anaaa&»n ana a 


VBR)" 


Cece A ee ee ee ee ee ee ee ee ee a a a ce Ce 


For bidirectional types, electrical characteristics apply in both directions. 


P : Preferred device. 
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(1074/°C) 
5.7 


1.5KE6V8P, A —> 440P, A/1:5KEGV8CP, CA —> 440CP, CA 


Inm @ Vam VpR)* 
max. 


1.5KE39A 1.5KE39CA 
P 1.5KE43P 1.5KE43CP 
1.5KE43A 1.5KE43CA 
P 1.5KE47P 1.5KE47CP 
1.5KE47A 1.5KE47CA 
P 1.5KE51P 1.5KE51CP 
1.5KE51A 1.5KE51CA 
1.5KE56P 1.5KE56CP 
1.5KE56A 1.5KE56CA 
1.5KE62P 1,5KE62CP 
1.5KE62A 1.5KE62CA 
P 1.5KE68P 1.5KE68CP 
1.5KE68A 1.5KE68CA 
1.5KE75P 1.5KE75CP 
1.5KE75A 1.5KE75CA 
P 1.5KE82P 1.5KE82CP 
1.5KE82A 1.5KE82CA 
1.5KE91P 4.5KE91CP 
1.5KEQ1A 1.5KE91CA 
1.5KE100P 1.5KE100CP 
1.5KE100A 1.5KE100CA 
1.5KE110P 1.5KE110CP 
1.5KE110A 1.5KE110CA 
1.5KE120P 1.5KE120CP 
1.5KE120A 1.5KE120CA 
1.5KE130P 1.5KE130CP 
1.5KE130A 1.5KE130CA 
1.5KE150P 1.5KE150CP 
1.5KE150A 1.5KE150CA 
"1.5KE160P 1.5KE160CP 
1.5KE160A 1.5KE160CA 
P 1.5KE170P 1.5KE170CP 
1.5KE170A 1.5KE170CA 
P 14.5KE180P 1.5KE180CP 
1.5KE180A 1.5KE180CA 
P 14.5KE200P 1.5KE200CP 
1.5KE200A 4.5KE200CA 
1.5KE220P 1.5KE220CP 
1.5KE220A 1.5KE220CA 
P 1.5KE250P 1.5KE250CP 
1.5KE250A 1.5KE250CA 
1.5KE280P 1.5KE280CP 
1.5KE280A 1.5KE280CA 
P 1.5KE300P 1.5KE300CP 
1.5KE300A 1.5KE300CA 
1.5KE320P 1.5KE320CP 
1.5KE320A 1.5KE320CA 
P 14.5KE350P 1.5KE350CP 
1.5KE350A 1.5KE350CA 
P 14.5KE400P 1.5KE400CP 
1.5KE400A 1.5KE400CA 
P 1.5KE440P 1.5KE440CP 
1.5KE440A 1.5KE440CA 


* Pulse test tp<50ms 6<2%. 

** Divide these values by 2 for bidirectional types. 

For bidirectional types, electrical characteristics apply! in both directions. 
P : Preferred device. 
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1.5KE6V8P, A —> 440P, A/1.5KE6V8CP, CA —> 440CP, CA 
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Fig.4 - Peak pulse power versus exponential pulse duration. 
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10 ms 


}s ooe 
AV (pn) =&T(v(eA)) X [15 - 25] X Vigp) 


For intermediate voltages, extrapolate the given results. 
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Fig.2 —- Clamping voltage versus peak pulse current. 
t 


exponential waveform t = 20 
The curves of the figure 2 are specified for a junction temperature of 25 °C 


before surge. The given results may be extrapolated for other junction temperatures 


by using the following formula : 


Note : 
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(typical values for unidirectional 


versus peak forward voltage drop 
types) . 


Fig.7 -— Peak forward current 
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Fig.6 -— Transient thermal impedance 


junction-ambient for mounting n°2 
versus pulse duration (L = 40 mm). 
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1.5KE6V8P, A —> 440P, A/1.5KE6V8CP, CA —> 440CP, CA 
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Fig.6a - Capacitance versus reverse applied 


voltage for unidirectional types 


(typical values) . 


Fig.8b - Capacitance versus reverse. applied 
voltage for bidirectional types 


(typical values) . 
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PACKAGE MECHANICAL DATA 


CB-429 Plastic 
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its leads bent at right angles is 0.70" (18 mm). 


Cooling method : by convection (method A). 


Marking : type number ; white band indicates cathode for unidirectional types. 


Weight : 0.9 g. 
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ky, SGS-THOMSON 
Jf iwicRogLECTROWIGS BZWS50-10,B 5 180, B 


UNI-AND BIDIRECTIONAL TRANSIENT 
~ : VOLTAGE SUPPRESSORS 


a HIGH SURGE CAPABILITY : 
5 kW/1ms EXPO 
=u VERY FAST CLAMPING TIME : 
1 ps FOR UNIDIRECTIONAL TYPES 
5 ns FOR BIDIRECTIONAL TYPES 
a LARGE VOLTAGE RANGE : 
10 V5 180 V 
= ORDER CODE: 
TYPE NUMBER FOR UNIDIRECTIONAL 
TYPES, TYPE NUMBER + SUFFIX B FOR 
BIDIRECTIONAL TYPES 


AG 
(Plastic) 


DESCRIPTION 


Transient voltage suppressor diodes especially use- 
ful in protecting integrated circuits, MOS, hybrids 
and other voltage-sensitive semiconductors and 
components. 


ABSOLUTE RATINGS (limiting values) 


Symbol Parameter | Value | Unit 


Peak Pulse Power for 1 ms Exponential Tj Initial = 25 °C 
Pulse See note 1 
hs. | Power Dissipation on Infinite Heatsink Tamb = 75 °C aa sae 


lFSM Non Repetitive Surge Peak Forward Tj Initial = 25 °C 
Current for Unidirectional Types t=10ms 


Tstg Storage and Operating Junction Temperature Range — 65 to 150 °C 

i 150 °C 

Th Maximum Lead Temperature for Soldering During 10 s at 4 mm °C 
from Case ; 


‘ ’ 


THERMAL RESISTANCE 


Symbol| Parameter | Value Unit 


| Renan | Junction-leads on Infinite Heatsink for Ligag = 10 mm 
Note: 1. For surges upper than the maximum values, 
the diode will present a short-circuit anode-cathode. x Ipp Pulse wave form 40/4000 
10 us 
400 
ca ¥ iaee 
! 
1 
0 t 
i ms D88TRANSIL1 
February 1989 1/5 
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BZW50-10,B — 180,B 


ELECTRICAL CHARACTERISTICS (T; = 25 °C) 


Symbol Parameter 
Stand-off Voltage ; 
T 


Breakdown Voltage 
Clamping Voltage Seetables 


Peak Pulse Current 


Temperature Coefficient of Vigr) 


C Capacitance ; 
tclamping | Clamping Time (0 volt to V(R)) Unidirectional Types 
Bidirectional Types |S ns max, 


Types Inm @ Vam VBR)" 
max. . 


BZW50-10 BZW50-10B 
BZW50-12 BZW50-12B 
BZW50-15 BZW50-15B 
BZW50-18 BZW50-18B 
BZW50-22 BZW50-22B 
BZW50-27 BZW50-27B 
BZW50-33 BZW50-33B 
BZW50-39 BZW50-39B 
BZWS50-47 BZW50-47B 
BZW50-56 BZWS50-56B 
BZW50-68 BZW50-68B 


BZW50-82 BZW50-82B 

BZW50-100 BZW50-100B 
BZW50-120 BZW50-120B 
BZW50-150 BZW50-150B 
BZW50-180 BZW50-180B 


* Pulse test tp<50ms 8<2%. 
** Divide these values by 2 for bidirectional types. 
For bidirectional types, electrical characteristics apply in both directions. 


Ce ee ee ee a ee ee ee a Seen Sa 4 
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BZW50-10,B — 180, B 
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Fig.4 — Peak pulse power versus exponential pulse duration. 
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Fig.2 — Clamping voltage versus peak pulse current. 


exponential waveform t = 20 HS - 


a 2 sS ——— = 
10 ms 


t 
t 


AV (pA) =%T(v(eA)) X [T; - 25) X Vign7) 


For intermediate voltages, extrapolate the given results. 


D88BZW50P3 


The curves of the figure 2 are specified for a junction temperature of 25 °C 
before surge. The given results may be extrapolated for other junction temperatures 


by using the following formula : 


Note : 
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(typical values for unidirectional 


versuS peak forward voltage drop 
types). 


Fig.7 -— Peak forward current 
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Fig.6 —- Transient thermal impedance 


junction-ambient for mounting n°2 
versus pulse duration (L = 40 mm). 
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BZW50-10,B — 180,B 
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PACKAGE MECHANICAL DATA 
AG Plastic 


1 - The lead diameter @ bo is not controlled over zone Lj. 


2 - The minimum axial lengh within which the device may be placed with 
its leads bent at right angles is 0.79" (20 mm). 


i Cooling method : by convection (method A). 
Marking : type number ; white band indicates cathode for unidirectional types. 
Weight : 1 g. 
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SGS-THOMSON-_ SMeTevs, A — 220, A 
WICROELECTRONICS SM6T6V8C, A + 200C, A 


UNI-AND BIDIRECTIONAL TRANSIENT 


a HIGH SURGE CAPABILITY : 
600 W/1ms EXPO 
a VERY FAST CLAMPING TIME : 
1 ps FOR UNIDIRECTIONAL TYPES 
5 ns FOR BIDIRECTIONAL TYPES 
un LARGE VOLTAGE RANGE : 
5.5V—> 188 V 
= ORDER CODE: 
TYPE NUMBER FOR UNIDIRECTIONAL 
TYPES, TYPE NUMBER + SUFFIX C FOR 
BIDIRECTIONAL TYPES 


DESCRIPTION 


Transient voltage suppressor diodes especially use- 
ful in protecting integrated circuits, MOS, hybrids 
and other voltage-sensitive semiconductors and 
components. 


ABSOLUTE RATINGS (limiting values) 


Current for Unidirectional Types 


Non Repetitive Surge Peak Forward 


THERMAL RESISTANCE 


Symbol 


Peak Pulse Power for 1 ms Exponential 
Pulse 


Power Dissipation on Infinite Heatsink Tamb = 25 °C 


Tj Initial = 25 °C 


Tj Initial = 25 °C 


Tstg Storage and Operating Junction Temperature Range — 65 to 175 °C 
T 150 °C 
L 


Maximum Lead Temperature for Soldering During 10 s 


VOLTAGE SUPPRESSORS 


Zz 


SOD 6 
(Plastic) 


SURFACE MOUNT TRANSIL FEATURES 


» APERFECT PICK AND PLACE BEHAVIOUR 

s AN EXCELLENT ON BOARD STABILITY 

» AFULL COMPATIBILITY WITH BOTH GLUING 
AND PASTE SOLDERING TECHNOLOGIES 

« BODY MARKED WITH TYPE CODE AND 
LOGO 

s STANDARD PACKAGING: 12 mm TAPE 
(EIA STD. RS481) 

= .TINNED COPPER LEADS 

s HIGH TEMPERATURE RESISTANT RESIN 


See note 1 


t=10ms 


Symbol| Parameter | Value | Uniit__ 
| Rng | Junction-leads a a 
Note: 1. For surges upper than the maximum values, £1 
the diode will present a short-circuit anode-cathode. PP 40 us Pulse wave form 10/1000 
100 
50 hci 
1 
t 
0 t 
1 @S = DssTRANSIL1 


February 1989 


SM6T6V8, A —> 220, A/SM6T6V8C, A —> 200C, A 


ELECTRICAL CHARACTERISTICS (1; = 25 °C) 


Symbol 
Stand-off Voltage 
QT 


Parameter 


Value 


Breakdown Voltage 
Clamping Voltage See tables 


Peak Pulse Current 


| oar | Temperature Coefficient of Vipr) 


C Capacitance 


Clamping Time (0 volt to Vary) Unidirectional Types 


| Bidirectional Types 


Types Inu @ Van Vipry* @ = In | Veer) @ pp | Vict) @ Ipp| - ce 
max. (V) max. max. typ. 
Vr=0 
ims expo | 8-20us expo f=1MHz 

Unidirec- | Bidirec- {|Unidirec-|Bidirec-| (yA) | (V) (V) 

tional tional tional | tional 

SM6T6V8C 
SM6T6V8CA 


SM6T7V5C 
SM6T7V5CA 


SM6T100CA 
SM6T150C 
SM6T150CA 
SM6T200C 
SM6T200CA 


a a a 
crete ee ee ee ee on on on ee ec Te ou a aan ae aa } 


5 
) 
4) 
4) 
5 
5 
5 
5 
5 
5 
5 
+) 
5 
) 
5 
5 
5 
5 
5 
5 
5 
) 
9 
5 
5 
5 
5 
5 
5 


* Pulse test tps50ms 6<2%. 
** Divide these values by 2 for bidirectional types. 
For bidirectional types, electrical characteristics apply in both directions. 
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SM6T6V8, A —> 220, A/SM6T6V8C, A —> 200C, A 


ORDER CODE 


SM 6 T 6V8 CA 


_Surface Mount device _i _ Tolerances : with suffix A + 5% 
without suffix + 10 % 
Power range :6 —> 600 W 
Products characteristics : 
TRANSIL : T without suffix Unidirectional 


with suffix C Bidirectional 


VBR voltage range 


PACKAGE MECHANICAL DATA 
SOD 6 Plastic 


Laser marking. 
The logo indicates cathode for unidirectional types. 


D8BSOD 


| FOOT PRINT DIMENSIONS (Millimeters) 


Dassod6 


AY] fitsouncreonies 
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SM6T6V8, A —> 220, A/SM6T6VS8C, A —> 200C, A 
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Fig.2 - Clamping voltage versus peak pulse current. 


exponential waveform t = 20 PS sere 
t= ims-<—=- 
t = 40 ms 


Note : The curves of the figure 2 are specified for a junction temperature of 25 °C 
before surge. The given results may be extrapolated for other junction temperatures 
by using the following formula : AV(gpR) =% Tt (v(gA)) X [Tj - 25] X Vigq) 
For intermediate MBEESDES»: extrapolate the given results. 
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Fig.3 — Allowable power dissipation versus 
junction temperature. 
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Fig.5 — Thermal resistance junction- 
ambient versus Cu surface (printed circuit) . 
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Fig.6 — Transient thermal impedance 
junction~ambient versus pulse duration. 
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Fig.4 —- Power dissipation versus ambient 
temperature. 
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Fig.7 — Peak forward current 
versus peak forward voltage drop 
(typical values for unidirectional 
types) . 


- SM6T6V8, A —> 220, A/SM6T6V8C, A —> 200C, A 
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SM6T6V8, A —> 220, A/SM6T6V8C, A —> 200C, A 
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Fig.8b - Capacitance versus reverse applied 


voltage for bidirectional types 


(typical values) . 


Fig.8a - Capacitance versus reverse applied 


voltage for unidirectional types 


(typical values) . 
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SM15T6V8, A > 220, A 


ky 


SGS-THOMSON 
MICROELECTRONICS SM15T6V8C, A > 200C, A 


UNI-AND BIDIRECTIONAL TRANSIENT 


= HIGH SURGE CAPABILITY : 
1.5 kW/1ms EXPO 
a VERY FAST CLAMPING TIME : 
1 ps FOR UNIDIRECTIONAL TYPES 
5 ns FOR BIDIRECTIONAL TYPES 
= LARGE VOLTAGE RANGE : 
5.5V—- 188 V 
» ORDER CODE: 
TYPE NUMBER FOR UNIDIRECTIONAL 
TYPES, TYPE NUMBER + SUFFIX C FOR 
BIDIRECTIONAL TYPES 


DESCRIPTION 


Transient voltage suppressor diodes especially use- 
ful in protecting integrated circuits, MOS, hybrids 
and other voltage-sensitive semiconductors and 
components. 


ABSOLUTE RATINGS (limiting values) 


lFSm Non Repetitive Surge Peak Forward 
Current for Unidirectional Types 


THERMAL RESISTANCE 


Parameter 


Peak Pulse Power for 1 ms Exponential 
Pulse 


Power Dissipation on Infinite Heatsink 


Ty Initial = 25 °C 
See note 1 ree 


Tj Initial = 25 °C 


150 
Storage and Operating Junction Temperature Range to 175 
50 


Vj 
Maximum Lead Temperature for Soldering During 10 s 


VOLTAGE SUPPRESSORS 


SOD 15 
(Plastic) 


SURFACE MOUNT TRANSIL FEATURES 


=» APERFECT PICK AND PLACE BEHAVIOUR 

a» AN EXCELLENT ON BOARD STABILITY 

u A FULL COMPATIBILITY WITH BOTH GLUING 
AND PASTE SOLDERING TECHNOLOGIES 

» BODY MARKED WITH TYPE CODE AND 
LOGO 

» STANDARD PACKAGING: 12 mm _ TAPE 
(EIA STD. RS481) 

« TINNED COPPER LEADS 

» HIGH TEMPERATURE RESISTANT RESIN 


t=10ms 


cm 

ee ES 
°C 

<a 


-— 65 
1 
a ee 


Symbol| Parameter =| Value |Unit_| 
| Ring.» | Junction-leads 
Note: 1. For surges upper than the maximum values, xi 
the diode will present a short-circuit anode-cathode. PP 40 us Pulse wave form 10/1000 
400 
50 = 
i 
t 
0 t 
1 8S ssTRANSIL1 
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SM15T6V8, A —> 220, A/SM15T6V8C, A —> 200C, A 


ELECTRICAL CHARACTERISTICS (T; = 25 °C) 


Parameter Value 


Stand-off Voltage 


Breakdown Voltage 
Clamping Voltage 


| Symbol 
| Vem _| 
| Vier) 
| Vicwy _| 
a ae Peak Pulse Current 


See tables 


eae Coefficient of Vier) 


| CG | Capacitance 


Clamping Time (0 volt to Vier) Unidirectional Types 
Bidirectional Types 


Vict) @ Ipp | Veer) @ Ipp 
max. max. 


re a cS 
=-~ OO OC O&O 


SM15T18CA 
SM15T22C 
SM15T22CA 
SM15T24C 
SM15T24CA 
SM15T27C 
SM15T27CA 
SM15T30C 


SM15T68C 
SM15T68CA 
SM15T100C 


10 
10 
5 
5 
) 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
9 
5 
5 
5 
5 
5 


Cer ec ee ee Se Se Se Cee Ce ca Sy POY WS CO COO Cn CT Pe WD WO 


“ Pulse test tp<50ms 6<2%. 
** Divide these values by 2 for bidirectional types. 
For bidirectional types, electrical characteristics apply in both directions. 
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SM15T6V8, A —> 220, A/SM15T6V8C, A —> 200C, A 


ORDER CODE 


SM 15 T 6V8 CA 


Surface Mount device | | Tolerances : with suffix A + 5 % 
without suffix + 10 % 
Power range : 15 — 1500 W 
Products characteristics : 
TRANSIL : T without suffix Unidirectional 


with suffix C Bidirectional 


VBR voltage range 


PACKAGE MECHANICAL DATA 
SOD 15 Plastic 


Laser marking. 
The logo indicates cathode for unidirectional types. 


pasBsod 
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FOOT PRINT DIMENSIONS (Millimeters) 
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SM15T6V8, A —> 220, A/SM15T6V8C, A —> 200C,-A 
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Fig.4 - Peak pulse power versus exponential pulse duration. 
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MICROELECTRONICS 


AV (gn) =X T(v(pR)) X [T; - 25) X V (gq) 


For intermediate voltages, extrapolate the given results. 


= 20 ys evcveceece 
= 71 1s. 
t = 40 ms 
AGy S&s-THOMSON 


t 
The curves of the figure 2 are specified for a junction temperature of 25 °C 


before surge. The given results may be extrapolated for other junction temperatures 


Fig.2 - Clamping voltage versus peak pulse current. - 


exponential waveform t 


by using the following formula: 


Note : 
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Fig.d — Allowable power dissipation versus 
junction temperature. 
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Fig.5 — Thermal resistance junction- 


ambient versus Cu surface (printed circuit). 
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Fig.6 — Transient thermal impedance 
junction-ambient versus pulse duration. 
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SM15T6V8, A —> 220, A/SM15T6V8C, A —> 200C, A 
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Fig.4 - Power dissipation versus ambient 
temperature. 
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Fig.7 — Peak forward ourrent 
versus peak forward voltage drop 
(typical values for unidirectional 
types) . 
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SM15T6V8, A —> 220, A/SM15T6V8C, A —> 200C, A 
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Fig.6b - Capacitance versus reverse applied 
(typical values) . 


voltage for bidirectional types 
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Fig.8a - Capacitance versus reverse applied 


voltage for unidirectional types 


(typical values) . 
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| {a7 SGS-THOMSON | 
: 7 ivicrozLectromes TPA SERIES 


TRISIL 


» BIDIRECTIONAL DEVICE USED TO TELE- 
PHONE PROTECTION 

a CHARACTERISTIC OF STAND-OFF AND 
BREAKDOWN VOLTAGE SIMILAR TO A 
TRANSIL (Vott) : 

s HIGH FLOWOUT CAPABILITY BECAUSE OF 
ITS BREAKOVER CHARACTERISTIC (Von) 


F 126 
(Plastic) 


ABSOLUTE RATINGS (limiting values) (Tj = 25 °C - L= 10 mm) 


a 
Power Dissipation on Infinite Heatsink Tamb = 50 °C 


| Symbol | 
acd 

Peak Pulse Current A 
Oe a 
| itsm_| 0 
| difat 00 
|_dvidt_| 


5 
‘TM 
di/at Non Repetitive 
dvidt_| Critical Rate of Rise of off-state Voltage [67% Vien min] S| KV 


Tstg Storage and Operating Junction Temperature Range — 40 to 150 °C 
Tj 150 °C 
TL Maximum Lead Temperature for Soldering During 10 s at 4 mm 230 °C 

from Case 


THERMAL RESISTANCES 


Symbol| Parameter | ate | Unit_| 
Rtnq-t) | Junction-leads on Infinite Heatsink L=10mm 60 °C/W 
Rthqj-a) | Junction-ambient on Printed Circuit 100 °C/W 


March 1989 1/4 


637 


TPA SERIES 


ELECTRICAL CHARACTERISTICS 
(Tj = 25 °C) -— Transient 


operation 


| Vem | Stand-off Voltage 
| Ver | Breakdown Voltage 


Standby 
operation 


Clamping Voltage 
Holding Current 


VT On-state Voltage :2.5 Vtyp. @I7 =1A 
(tp = 300 Us) 

Inm @ Vam 

max. 


DSSTAISILS 


VBR) @ Ir VBo IBo 
min. max. max. 


(ma) 
62 82 , 


TPA62A - 12 or 18 2 { 800 
(1) TPA62B - 12 or 18 2 { 800 
TPAG8A - 12 or 18 2 1 800 
(1) TPA82A -120r18 2 { 300 
(1) TPAQIA - 120r 18 2 1 300 
(1) TPAQiB -12o0r18 2 1 300 . 
P TPAIO0A - 12 or 18 2 1 cs aes 
TPA100B - 12 or 18 2 1 300 
TPA110A - 12 or 18 20 { aan 
TPA110B - 12 or 18 2 1 300 
P TPA120A - 12 or 18 2 { 300 
TPA120B - 12 or 18 2 j 300 
P TPA130A - 12 or 18 2 1 300 
TPA130B - 12 or 18 2 1 300 
(1) TPA150A - 12 or 18 2 { 300 
(1) TPA150B - 12 or 18 2 | 300 18 Suffix 
(1) TPA160A - 12 or 18 2 1 300 for 180 mA 
(1) TPA160B - 12 or 18 yp) 4 300 
(1) TPA180A - 12 or 18 2 { 300 
(1) TPA180B - 12 or 18 2 1 300 
(1) TPA200A - 12 or 18 2 { 300 
(1) TPA200B - 12 or 18 2 { 300 
P TPA220A - 12 or 18 2 { B08 
TPA220B - 12 or 18 2 i 300 
P TPA240A - 12 or 18 2 1 300 
TPA240B - 12 or 18 2 1 300 
P TPA270A - 12 or 18 2 1 300 
TPA270B - 12 or 18 2 { 300 


P : Preferred device. 
(1) : These volages are on request. Consult us. 
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TPA SERIES 
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Fig.5 — Peak forward current 


versus peak forward voltage drop 


(typical values) . 


3/4 


MICROELECTRONICS 


ITA SGS-THOMSON 


639 


= 


MON le tes et ele Id 


Ue Ze 


a es ey Pe ee FS ee ey | ee 
aed aE a a a i ee A 
ee) ee 
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Fig.4 — Power dissipation versus ambient 


temperature. 


Fig.3 — Transient thermal impedance 


junction-ambient for mounting n°2 
versus pulse duration (L = 410 mm) 
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Fig.4 — Non repetitive surge peak on-state 


current versus number of cycles. 
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Fig.6 — Relative variation of holdihg Fig.7 - Capacitance versus reverse 
current versus junction temperature. - applied voltage. 
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PACKAGE MECHANICAL DATA 
F 126 Plastic 


6,35 max 


© 3,05 max 


Cooling method : by conduction (method A) 
Marking : type number 
Weight : 0.4 g 
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1CT71 SGS-THOMSON 
7 wicROELECTROMICS TPB SERIES 


TRISIL 


» BIDIRECTIONAL DEVICE USED TO TELE- 
PHONE PROTECTION 

» CHARACTERISTIC OF STAND-OFF AND 
BREAKDOWN VOLTAGE SIMILAR TO A 
TRANSIL (Vor) 

s HIGH FLOWOUT CAPABILITY BECAUSE OF 
ITS BREAKOVER CHARACTERISTIC (Von) 


CB 429 
(Plastic) 


ABSOLUTE RATINGS (limiting values) (Tamp = 25 °C - L= 10 mm) 


Symbol] Parameter ————SC~d SSC «dC 


| P| Power Dissipation on Infinite Heatsink Tamb = 50 °C Po Bi 
Peak Pulse Current A 


TTeu_[ Non Repetiive Surge Peak onsiato Current [tp =20ms | -0_——S~dSA 
a eee 8 


Tstg Storage and Operating Junction Temperature Range - —— to 150 a 
~ 150 °C 
Maximum Lead Temperature for Soldering During 10 s at 4 mm 
from Case 


THERMAL RESISTANCES 


Symbol 
Rthg-1) | Junction-leads on Infinite Heatsink =10mm 20 ee 
Rthg-ay | Junction-ambient on Printed Circuit 75 °C/W 
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TPB SERIES 


ELECTRICAL CHARACTERISTICS 
(T, = 25 °C) 


gr 


ly 
Vr On-state Voltage :1.6 Vtyp. @I7 =1A 
(tp = 300 ps) 


TPB62A -120r 18 
(1) TPB62B .- 12 or 18 
TPB68A -120r18 
(1) TPB68B -12o0r18 
(1) TPB75A -12or 18 
(1) TPB75B -12o0r18 
(1) TPB82A -120r18 
(1) TPB82B -12o0r18 
(1) TPB91A -120r18 
(1) TPB91iB -12o0r18 
P TPB100A - 12 or 18 
TPB100B - 12 or 18 
TPB110A - 12 or 18 
TPB110B - 12 or 18 
P TPB120A - 12 or 18 
TPB120B - 12 or 18 
P TPB130A - 12 or 18 
TPB130B - 12 or 18 
(1) TPB150A - 12 or 18 
(1) TPB150B - 12 or 18 
(1) TPB160A - 12 or 18 
(1) TPB160B - 12 or 18 
(1) TPB180A - 12 or 18 
(1) TPB180B - 12 or 18 
(1) TPB200A - 12 or 18 
(1) TPB200B - 12 or 18 
P TPB220A - 12 or 18 
TPB220B - 12 or 18 
P TPB240A - 12 or 18 
TPB240B - 12 or 18 
P TPB270A - 12 or 18 
TPB270B - 12 or 18 


MNNMNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNN ND NY 


P : Preferred device. 
(1) : These voltages are on request. Consult us. 


Inm @ Vam el @ Ir 
max. min 


row To fo Ton [on [ia 


ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee en ee ee ee ee ee ee ee ee ee 
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Transient 
operation _ 


Standby 
operation 
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for 120 mA 


for 180 mA 


| (may | 


12 Suffix 


18 Suffix 


TPB SERIES 
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Fig.4 - Power dissipation versus ambient. 


temperature. 
Fig.3 — Transient thermal impedance 


junction-ambient for mounting n°2 
versuS pulse duration (L = 10 mm). 
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versus peak forward voltage drop 


Fig.5 - Peak forward current 
(typical values). 
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402 
Fig.4 — Non repetitive surge peak on-state 


current versus number of cycles. 
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TPB SERIES 
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Fig.7 -— Capacitance versus reverse 


applied voltage. 


Fig.6 — Relative variation of holding 
current versus junction temperature 
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PACKAGE MECHANICAL DATA 


CB 429 Plastic 


Cooling method : by conduction (method A) 


Marking : type number 


Weight : 0.9 g 


MICROELECTRONICS 
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[Symbol Parameter | ate | unit_ 
A 


& SGS-THOMSON _LS5018B/LS5060B 


MICROELECTRONICS LS5120B/LS5120B1 


BIDIRECTIONAL TRISIL 


= CHARACTERISTIC OF STAND-OFF AND 
BREAKDOWN VOLTAGE SIMILAR TO A 
TRANSIL (Vor) 

s HIGH FLOWOUT CAPABILITY BECAUSE OF 
ITS BREAKOVER CHARACTERISTICS (Von) 

2 AUTOMATIC RECOVERY AFTER SURGE 


Minidip 
(Plastic) 


DESCRIPTION 


The LS5018B, LS5060B and LS5120B/B1 are bidi- 
rectional transient overvoltage suppressor desi- 
gned to protect sensitive components in electronic 
telephones and telecommunication equipments 
against transient caused by lightning, induction from 
power lines, etc. 


ABSOLUTE RATINGS (limiting values) (T; = 25 °C) 


baie Peak Pulse Current 

| 8:20usexpor | 500 
[Treu_| Non Repative Surge Paonia Guront[iy =20me—Smas [$0 —|_A 
|_difdt | Critical Rate of Rise of on-state Current__| Non repetitive [| 100 | Ais 


Tstg Storage and Junction Temperature Range — 40 to 150 °C 
Tj . 150 °C 


THERMAL RESISTANCE 


Symbol] Parameter | tte | Ut 
[Ring-a)_| Junction to Ambient ee ee 


* ANSI STD C62. Pulse wave form 


0 : t 
tp tp DESTAISIL4 
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LS5018B/LS5060B/LS5120B/LS5120B1 


ELECTRICAL CHARACTERISTICS 
(T; = 25 °C) 


ee 
Ten | Peskin cine 


Type Inm @ Vam| V(pr)@ Ir 
max. min. . min. typ. max. 
See note 2 


rss | s [ef] 1 [oe 
riseeeos [vo | [oo | 
rssiavei [20 [100 | v0 


Notes : 1. Same characteristic both sides. 
2. These devices are not designed to function as zeners ; continuous operation between 1 mA and Igo will damage them. 


PACKAGE MECHANICAL DATA CONNECTION DIAGRAM 
MINIDIP Plastic - 
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> iHlanb = 25 °C 
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Fig.4 ~— Relative variation of holding 
current versus ambient temperature. 


Ip [Tamp] 


102 Ip [Tamb = 25 °C] 


Fig.3 - Relative variation of leakage 
current versus ambient temperature. 
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Fig.5 - On-state voltage versus on-state 
current (typical values) . 
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Fig.2 - Relative variation of breakdown 
voltage versus ambient temperature. 
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Fig.4 - Junction capacitance versus 
reverse applied voltage. 
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Fig.6 - Non repetitive surge peak on-state 


current versus number of cycles. 
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L3100B1 


| TRISIL 
UNIDIRECTIONAL PROGRAMMABLE VOLTAGE AND CURRENT SUPPRESSOR 


MICROEL 


ns HIGH CURRENT CAPABILITY 

se PROGRAMMABILITY BOTH IN VOLTAGE AND 
CURRENT 

ns AUTOMATIC RECOVERY 


DESCRIPTION 


The L3100B/B1 is a transient overvoltage suppres- 
sor/overcurrent arrester designed to protect sensi- 
tive components in electronic telephones and 
telecommunication equipments against transients 
caused by lightning, induction from power lines, etc. Minidip 


The L3100B/Bi1 characteristic, that is its firing volt- ae 
age and current, can be easily programmed by 
means of inexpensive external components ; more 
over, since this device recoveres automatically 
when the surge current falls below a fixed holding . 
current, it may be used on remotely supplied lines. 
Finally, if destroyed, it becomes a permanent short 
circuit. 


ABSOLUTE RATINGS (limiting values) (T; = 25 °C) 


| Unit _| 
Non Repetitive Surge Peak on-state Current ltp=10ms—Sinus | = 50 | A | 


Tstg Storage and Junction Temperature Range — 40 to 150 °C 
Tj 150 °C 


THERMAL RESISTANCE 


Symbol] Parameter | Value | Unit_ 
Junction to Ambient a a ee 


* ANSI STD C62. 


Pulse wave form 
% Inn 


t 
tp tp DBSTRISIL4 
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L3100B/B1 


ELECTRICAL CHARACTERISTICS 
(T; = 25 °C) 


i 
Tvso | Sunn vote 
or 
s 
a 
_— 
es 


OPERATION WITHOUT GATE 


Type Inm @ Vram VBR @ Irn|VB0o@_sitBo 
max. |min. max. max. min. max. 
See note 2 
eee ee 
L3100B/B1 6 255 (3) 210 (3) 
40 265 (4) 280 (4) 


OPERATION WITH GATES 


Vam Yer Yeo 
DSSTAISILS 


(mA) (mA) 
Va —-C2=100V Va —-C=100V 


Notes : 1. Reverse characteristic : Ip < 1mA @ Vr = 0.7V. 
. These devices are not designed to function as zeners ; continuous operation between 1 mA and Igo will damage them. 
. 3. L3100B1 
4. L3100B 
a. SGs-THOMSON 
yf MICROELECTRONICS 


650 


PACKAGE MECHANICAL DATA 
MINIDIP Plastic 

| 

| 

| 


CONNECTION DIAGRAM 


DSSTAISILE 


ot ee ky SGS-THOMSON 


1A lie 


04 


| 8 4max | 


PO01-FW1 


SCHEMATIC DIAGRAM 


CATHODE 


MICROELECTRONICS 


L3100B/B1 
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Fig.4 - Relative variation of holding 
current versus ambient temperature. 
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Fig.3 - Relative variation of leakage 
current versus ambient temperature. 
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Fig.2 - Relative variation of breakdown 


voltage versus ambient temperature. 
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Fig.4 - Junction capacitance versus 
reverse applied voltage. 
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PACKAGES 


DIP-6 H = 


MINIDIP H PLASTIC 


8 LEAD PLASTIC MINIDIP 


6 45 ™* 


€-0137 


| p2gmin 


9 27™max 


C-0138 


7.Par 


0.38 to0 50 


8 90 


P001-F6 


k7 SGS-THOMSON 
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PACKAGES 


14 LEAD PLASTIC DIP 


7.47% 


"he r 


16 LEAD PLASTIC DIP 


7m1™ 
aE. 
TOO OAS} 
Pie |= 
077% 165] {2. 
8.5 
20 PO0O1- C3 
DIP-18 PLASTIC 
7 ymax : 


POO!-T! 


ms 77 SSIs 


PACKAGES 


20 LEAD PLASTIC DIP 


W 
ae 
Is 
fa a 
Vatatatatatatatats 12 
| 0.25 
| | : 
0.45 139 to 165 54 l | 
134" 22.86 185 | 
POO1-s3 


ee 


DIP-24 PLASTIC 


41) Nominal dimension 
(2) True geometneal postion 


DIP-28 PLASTIC 


(1) Nomina! dimension 
(2) True geometrical position 
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PACKAGES 


SO-8J 
0 4tol.27 
2 2500.50 _45° 0.65t00.85 
if Be —4.019100.25 
& 0.1t00.25 
5.8 to6.2 
P01} M 
o 
~w 
2 
wo 
om 
SO-14J 
0.5tol.27 _ 4.60to5.3 4 
2 
Dn 
[) 
SO-16J 


t 


019 to 025 


"  &F “Oito0.2 
grmax 
[5 8to6.2 | 
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PACKAGES 


SO-20L 


PLCC - 44 PLASTIC CHIP CARRIER 


ky 


ag ee gee 9B (om ee ee ee oo Be eg eee oe 


16.5 


—— = 


— 


\ 17.7 to 18.1 
Nr eet 


16.51to 16 65 
17.40 to1765 


SGS-THOMSON 
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53 
£€ 
nn 
a) 
an 


oe 
nw 
5} 
< 
nw 


P02?7-8) 


PO13L2 


11.5 to 12.7 


0.10 to 0.20 

a 
a 

a 


659 


NOTES 


NOTES 


SALES OFFICES 


AUSTRALIA 


NSW 2027 EDGECLIFF 

Suite 211, Edgecliff centre 
203-233, New South Head Road 
Tel. (61-2) 327.39.22 : 
Telex: 071 126911 TCAUS 
Telefax: (61-2) 327.61.76 


BRAZIL 


05413 SAO PAULO 
R. Henrique Schaumann 286-CJ33 
Tel. (55-11) 883-5455 
Telex: (39-11) 37988 ‘‘UMBR BR” 


CANADA 


BRAMPTON, ONTARIO 
341 Main St. North 

Tel. (416) 455-0505 
Telefax: 416-455-2606 


CHINA 


BEWING 

Beijing No. 5 Semiconductor 
Device Factory 

14 Wu Lu Tong Road 

Da Shang Mau Wai 

Tel. (861) 2024378 

Telex 222722 STM CH 


DENMARK 


2730 HERLEV + 
Herlev Torv, 4 

Tel. (45-2) 94.85.33 
Telex: 35411 

Telefax: (45-2) 948694 


FRANCE 


* 94253 GENTILLY Cedex 
7 - avenue Gallieni - BP. 93 
Tel.: (33-1) 47.40.75.75 
Telex: 632570 STMHQ 
Telefax: (83-1) 47.40.79.10 


67000 STRASBOURG 
20, Place des Halles 
Tel. (33) 88.25.49.90 
Telex: 870001F 

Telefax: (33) 88.22.29.32 


HONG KONG 


WANCHAI 

22nd Floor - Hopewell centre 
183 Queen’s Road East 

Tel. (852-5) 8615788 

Telex: 60955 ESGIES HX 
Telefax: (852-5) 8656589 


INDIA 


NEW DELHI 110048 

Liason Office 

S114, Greater Kailash Part 2 
Tel. (91) 6414537 

Telex: 31-62000 SGSS IN 


ITALY 


20090 ASSAGO (Ml) 

V.le Milanofiori - Strada 4 - Palazzo A/4/A 
Tel. (39-2) 89213.1 (10 linee) 

Telex: 330131 - 330141 SGSAGR 
Telefax: (39-2) 8250449 


40033 CASALECCHIO DI RENO (BO) 
Via R. Fucini, 12 

Tel. (39-51) 591914 

Telex: 512442 

Telefax: (39-51) 591305 


00161 ROMA 

Via A. Torlonia, 15 

Tel. (39-6) 844334 1/2/3/4/5 
Telex: 620653 SGSATE | 
Telefax: (39-6) 8444474 


JAPAN 


TOKYO 141 

Shinagawa-Ku, Nishi Gotanda 
8-11-7, Collins Bldg 8 

Tel. (81-3) 491-8611 

Telefax: (81-3) 491-8735 


KOREA 


SEOUL 121 

8th floor Shinwon Building 
823-14, Yuksam-Dong 
Kang-Nam-Gu 

Tel. (82-2) 553-0399 
Telex: SGSKOR K29998 
Telefax: (82-2) 552-1051 


NETHERLANDS 


5612 AM EINDHOVEN 
Dillenburgstraat 25 
Tel.: (31-40) 550015 
Telex: 51186 

Telefax: (31-40) 528835 


SINGAPORE 


SINGAPORE 2056 

28 Ang Mo Kio - Industrial Park 2 
Tel. (65) 4821411 

Telex: RS 55201 ESGIES 

Telefax: (65) 4820240 


SPAIN 


08021 BARCELONA 

Calle Platon, 6 4" Floor, 5'" Door 
Tel. (34-3) 2022017-2020316 
Telefax: (84-3) 2021461 


28027 MADRID 

Calle Albacete, 5 

Tel. (34-1) 4051615 
Telex: 27060 TCCEE 
Telefax: (34-1) 4031134 


SWEDEN 


S-16421 KISTA 
Borgarfjordsgatan, 13 - Box 1094 
Tel.: (46-8) 7939220 

Telex: 12078 THSWS 

Telefax: (46-8) 7504950 


SWITZERLAND 


1218 GRAND-SACONNEX (GENEVE) 
Chemin Frangois-Lenmann, 18/A 

Tel. (41-22) 7986462 

Telex: 415493 STM CH 

Telefax: (41-22) 7984869 


TAIWAN 


KAOHSIUNG 

7FL-2 No ; 
5 Chung Chen 3rd Road 
Tel. (886-7) 2011702 
Telefax: (886-7) 2011703 


TAIPEI 

12th Floor 

571, Tun Hua South Road 
Tel. (886-2) 755-4111 
Telex: 10310 ESGIE TW 
Telefax: (886-2) 755-4008 


UNITED KINGDOM 


MARLOW, BUCKS 
Planar House, Parkway 
Globe Park 

Tel.: (44-628) 890800 
Telex: 847458 

Telefax: (44-628) 890391 


| U.S.A. 


NORTH & SOUTH AMERICAN 
MARKETING HEADQUARTERS 
1000 East Bell Road 

Phoenix, AZ 85022 

(1)-(602) 867-6100 


' SALES COVERAGE BY STATE 


| ALABAMA 
Huntsville - (205) 533-5995 


ARIZONA 
Phoenix - (602) 867-6340 


CALIFORNIA 
Irvine - (714) 250-0455 
San José - (408) 452-8585 


COLORADO 
Boulder (303) 449-9000 


' GEORGIA 
Norcross - (404) 242-7444 


ILLINOIS 
Schaumburg - (312) 517-1890 


, MARYLAND 
Columbia - (801) 995-6952 


MASSACHUSSETTS 
Waltham - (617) 890-6688 


NEW JERSEY 
Voorhees - (609) 772-6222 


OREGON 
Tigard - (503) 620-5517 


TEXAS 
Austin - (512) 339-4191 
Carrollton - (214) 466-8844 


WASHINGTON 
Seattle - (206) 524-6421 


FOR RF AND MICROWAVE 
POWER TRANSISTORS CONTACT 
THE FOLLOWING REGIONAL 
OFFICES IN THE U.S.A. 


CALIFORNIA 
Hawthorne - (213) 675-0742 


NEW JERSEY 
Totowa - (201) 890-0884 


PENNSYLVANIA 
Montgomeryville - (215) 362-8500 


TEXAS 
Carrollton - (214) 466-8844 


SALES OFFICES 


WEST GERMANY 


6000 FRANKFURT M1 
Gutleutstrabe 322 

Tel. (49-69) 237492 

Telex: 176997 689 
Telefax: (49-69) 231957 
Teletex: 6997689 = STVBP 


8011 GRASBRUNN 
Bretonischer Ring 4 
Neukeferloh Technopark 
Tel.: (49-89) 460060 
Telex: 528211 

Telefax: (49-89) 4605454 
Teletex: 897107 =STDISTR 


3000 HANNOVER 1 
Eckenerstrasse 5 

Tel. (49-511) 634191 
Telex 175118418 
Teletex: 5118418 csfbeh 
Telefax: (49-511) 633552 


8500 NURNBERG 20 
Erlenstegenstrasse, 72 
Tel.: (49-911) 597032 
Telex: 626243 

Telefax: (49-911) 5980701 


5200 SIEGBURG 
Frankfurter Str. 22a 

Tel. (49-2241) 660 84-86 
Telex: 889510 

Telefax: (49-2241) 67584 


7000 STUTTGART 1 


-Oberer Kirchhaldenweg 135 


Tel. (49-711) 692041 
Telex: 721718 
Telefax: (49-711) 691408 


Information furnished is believed to be accurate and reliable. However, SGS-THOMSON Microelectronics assumes no responsibility for 

the consequences of use of such information nor for any infringement of patents or other rights of third parties which may result from 

its use. No license is granted by implication or otherwise under any patent or patent rights of SGS-THOMSON Microelectronics. Specifica- 

tions mentioned in this publication are subject to change without notice. This publication supersedes and replaces all information previou- 

_ Sly supplied. SGS-THOMSON Microelectronics products are not authorized for use as critical components in life support devices or systems 
without express written approval of SGS-THOMSON Microelectronics. 
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